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Appendix H
Groundwater Modeling

1 Introduction

Numerical groundwater flow and solute transport modeling in the vicinity of the Continental Steel
Superfund Site (CSSS) in Kokomo, Indiana has been conducted according to the objectives listed in
the R Work Plan document for the CSSS (CDM 1995). Obijectives for construction, calibration and

use of the rnodel during the RI and FS include:

u  Determination of both present day and future flow pathways from the site (including
consideration of potential remediation activities);

B Estimation of potential exposure point concentrations for discharge to Kokomo and Wildcat
Creeks, residential wells and the Martin Marietta Quarry;

¥ Estimation of contaminant front arrival times at various exposure points;

Evaluation of containment and cleanup scenarios on potential exposure pathways; and

W Assistance in evaluation of technical practicability of groundwater cleanup.

Greundwater flow modeling was conducted using CDM's DYNFLOW™ model, a fully three-
dimensinnal finite element groundwater flow model, and DYNTRACK™, a companion computer
program for simulation of three-dimensional solute transport using the random walk method. The
model was developed using hydrogeologic data collected on and near the facility, and compiled
from other available records during the Remedial Investigation (RI). The site was modeled as
porous media equivalent to approximate the fractured dolomitic limestone sequence underlying the
rlacial drift deposits. Use of this simplified approach allows consideration of areal flow rather than
flow along individual fracture swarms.

This modeling effort is at a reconnaissance level of detail and is not intended to mathematically
represent all processes active at the site, nor exactly duplicate all features of the groundwater flow
system. This level of detail is adequate for the intended use of the model for estimation of potential
coricentrations at receptors under various flow regimes and the comparative analysis of potential
remedial alternatives.

The groundwater model was developed using the following steps:
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Regional and site specific hydrogeologic data were reviewed and compiled for use in the
mod«].

A hydrogeologic Site Conceptual Model was developed using results of previous regional
investigations and site-specific investigations including geologic logs and cross-sections, well
construction records, groundwater elevation data, surface recharge estimates, contaminant
distributions and aquifer tests.

A numerical groundwater flow model was developed including mesh generation, specification
of bcundary conditions, and incorporation of the site conceptual model into the finite element
mesh.

A steady-state groundwater flow model calibration was performed using pumping records
ard water level data for the year 1995, supplemented by use of historic regional water level
data distant from the site.

Two constituents, tetrachloroethene (PCE) and trichloroethene (TCE), were selected for use in
the groundwater transport model, based on evaluation of groundwater quality information
collected during the remedial investigation and provided by the Haynes International, Inc.

The groundwater model as calibrated succeeds in simulating the regional groundwater flow system
in the vicinity of the CSSS. The model was used to simulate interactions between groundwater and
surface water and to simulate influences from pumping wells (i.e., residential wells, industrial wells,
groundwater supply wells, and dewatering wells at the Martin Marietta quarry). The groundwater
model was used to reach the primary conclusions presented below.

Contaminant transport in the vicinity of the CSSS is controlled by two major hydraulic
influences: (1) Martin Marietta quarry pumping and (2) Wildcat and Kokomo Creeks.

Simulated groundwater flow path tracks and dissolved contaminants TCE and PCE are
generally confined to a central contaminant transport pathway following the course of Wildcat
and Kokomo Creeks in the westerly direction. Transport pathways do niot diverge
significantly from site source areas to the north or south of this main transport pathway.

Capture of contaminated groundwater originating on the CSSS by domestic wells in a
subdivision located southwest of the site is unlikely under either of the quarry operational
scenarios.

Additiona! fate and transport analyses will be performed using the model to evaluate various
remedial scenarios during the FS. A quantitative risk assessment will also be performed using the
model dunng the time frame of the FS. The model will prove a valuable tool in addressing these
key elements of the FS.
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2 Numerical Groundwater Model

2.1 DYNFLOW Model

DYNFLCW is a versatile computer program written in the FORTRAN computer language, which
simulates three-dimensional groundwater flow using the finite element technique. DYNFLOW was
developed by CDM and is based on an earlier model, AQUIFEM (Wilson, et al. 1979), developed at
the Massachusetts Institute of Technology. The DYNFLOW model has been reviewed by the
International Ground Water Modeling Center. A copy of this peer review is included in

Appendix A.

DYNFLOW incorporates the conventional equations of saturated flow in porous media and can be
used to simulate the response of groundwater flow systems to several types of natural and artificial
stress. These include: induced infiltration from streams; artificial and natural recharge or discharge
(e.g., precipitation, infiltration, groundwater discharge to local streams, well withdrawals); and
ncnhomogeneous and anisotropic aquifer hydraulic properties. It solves both confined and
ncnlinear unconfined aquifer flow equations and includes special routines to simulate a change in
status from a confined to an unconfined situation, such as might occur due to heavy pumping from
limestone quarries operated by the Martin Marietta Corporation to the west of the CSSS during
transient simulations. The program has a scheme to allow drainage to local streams if the
piezometric head in an unconfined aquifer rises above the elevation of the streambed. DYNFLOW
also has special algorithms for simulating multi-aquifer pumping, similar to the existing regional
water supply and quarry dewatering pumping in the vicinity of the CSSS. Appendix B provides
more detzil on the capabilities and mathematical basis for this model.

2.2 Model Geometry

The extent of the model was selected to extend to physical boundaries, where possible, or at a
sufficient distance from the area of interest to minimize the impact of selected boundary conditions
on flow fields in the area of interest. Model geometry was configured to include the major
hvdrogeologic influences on the aquifer in the vicinity of the CSSS. These include:

®m  Subsurface hydrostratigraphy near the site;
®  Surface water bodies Kokomo Creek and Wildcat Creek; and
®  Municipal, domestic, agricultural, and industrial groundwater pumping.

Horizontal model boundaries were selected based on evaluation of the regional groundwater
potentiometric surface, as presented in Smith, et al. (1985). These model boundaries were selected to
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represent either a no flow boundary, that is, the mesh boundary lies along a flow line, or a constant
head boundary, where the mesh limit follows a potentiometric surface contour.

The location of the CSSS and the regional model study area are illustrated in Figure 1.

2.2.1 Finite Element Mesh

A finite element mesh comprised of 1,268 nodes and 2,468 elements in plan view was prepared
within the regional model study area. Maximum nodal spacing ranged from approximately

4,721 feet toward the outside of the mesh to a minimum of 300 feet in the vicinity of the CSSS site
(Figure 2). Finest nodal spacing was used in the vicinity of the confluence of Wildcat and Kokomo
Creeks, and in the area of the Martin Marietta quarry, where the maximum pumping stress occtirs
in the mcdel. This spacing allowed simulations to be conducted without use of a two stage
modeling approach with local and regional meshes. Based on previous modeling experience, the
303 foot spacing near the area of interest is appropriate for treating the fractured aquifers as porous
med:a equivalent for purposes of the modeling analysis. Figure 2a presents the mesh at a more
detailed scale near the CSSS.

2.2.2 Stratigraphy

Originally a single layer application of the DYNFLOW model was planned for purposes of
sirnplification (CDM 1995). Following more detailed analysis of the regional and site lithology,
hydraulic gradients, and contaminant distribution, a multi-layer model approach was adopted to
provide more detailed and accurate results with respect to the stated objectives. The occurrence of
vertical hydraulic gradients and vertical stratification of groundwater contaminants were the
primary reasons for using a multi-layered model.

The lower fractured zone of the Liston Creek A Limestone and the upper fractured zone of the
Kokomo Limestone/Liston Creek A Limestone are in close hydraulic communication at the site. As
significant pumping stress is not applied to either of these layers, the vertical hydraulic gradient
between these two layers tends to be minimal. The steady-state flow calibration simulation
aclditionally tends to lead to greater equilibration between adjacent layers in the absence of
pumping stresses. The majority of discharge withdrawn at the quarry is acknowledged to originate
primarily in the highly fractured rock zone immediately above the contact with the Mississinewa
shale. As expected, a significant vertical hydraulic gradient develops between this relatively thin
highly ractured zone and the overlying layers with the quarry pumping.

Vertical stratification of contamination is another important reason to include multiple layers in the
model simulation. The monitoring data indicates that significant variations in the distribution of
TCE and PCE occur with depth at the site. This stratification yields important information
regarding potential source areas, and may lead to significantly different projections of
concenfrations at receptor locations than if contaminant levels were averaged in the vertical
direction.

In consideration of these factors, the numerical groundwater flow model was constructed to
include six model layers. The model layer boundaries do not necessarily follow boundaries of
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named stratigraphic units, but are defined over depth intervals where aquifer materials on the
aquifer hydraulic properties of these intervals. Figure 2-2 in Volume II of the Rl illustrates the
correlation between stratigraphic units and model layers. Definition of the model
hydrostratigraphic framework was based on information collected during the remedial
investigation, review of regional geologic literature, and lithologic logs from on-site monitoring and
arza water supply wells. The simplified single-layer groundwater model proposed in the “Focused
RI/FS Work Plan” (CDM 1995) was expanded to account for this information and to simulate
groundwater flow in the vicinity of the Martin Marietta quarry and in residential area located
southwest of the site more accurately. This current model with six model layers will be more
helpful for evaluating corrective action scenarios during the FS. A comprehensive description of the
site hydrogeology is presented in Section 4.4.6 (Groundwater). These six layers, described in
descending order from the surface, include the following stratigraphic intervals.

The Kokomo Limestone is part of the Salina Group, Cayugan Series, and the Liston Creek
Limestone and Mississinewa Shale are part of the Lockport Group, Niagaran Series. The Liston
Creek Limestone is a cherty, fine - to medium-grained dolomitic limestone with irregular
argillaceous (clayey) partings. The upper Mississinewa Shale is a dolomitic siltstone and the lower
Mississinewa Shale is composed of interbedded limestone and argillaceous dolomite. The
Mississinewa Shale is not a shale in the vicinity of the site.

®  Model Layer 6 - Overburden layer (approximately 2 - 140 feet thick). Lithologic logs from
domestic wells located southwest of CSSS indicate the potential presence of an ancient river
channel in this area. These lithologic logs show that the overburden thickness is significantly
greater southwest of CSSS (50 to 100 feet) than beneath CSSS (5 to 20 feet). This layer was
included in the model because of concern about potential impacts from the site on these
domestic wells.

®  Modz=l Layer 5 - Upper fractured interval of Kokomo limestone/dolostone and Liston Creek A
(app:oximately 10 to 30 feet thick). The Kokomo Limestone is a thinly bedded dolomitic
limestone. The Liston Creek Limestone is a cherty, fine - to medium-grained dolomitic
lirnestone with irregular argillaceous (clayey) partings. This layer is the most prolific water
producer of the layers in the model; however, the ability to produce water at a specific well
location depends upon whether the well intersects a water-bearing fracture or bedding plane
and how well-developed the intersected fracture system is at that location.

®m  Mod=] Layer 4 - Lower fractured interval of the Liston Creek A (approximately 5 to 45 feet
thick}. This layer produces less groundwater than the overlying layer, but more groundwater
than the underlying layer. As stated above, however, the ability to produce water at a specific
well location depends upon whether the well intersects a water-bearing fracture or bedding
plane and how well-developed the intersected fracture system is at that location.

®  Model Layer 3 - Massive limestone interval of Liston Creek B (approximately 25 to 45 feet
thick). Wells completed within this layer tend to produce less water than those completed in
the overlying and underlying layer. Groundwater flow at a specific location depends upon the
intersection of water-bearing fractures and bedding planes at that location.

CIDM Carnp Dresser & McKee
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»  Model Layer 2 - High permeability fractured basal zone of the Liston Creek B (approximately 2
to 11 feet thick). The existence of this zone became apparent during the field investigation
conducted during 1995 and 1996. During an interview with staff at the Martin Marietta
quarry, Mr. John Wakefield concluded that groundwater enters the quarry primarily through
this zone, located immediately above the Mississinewa Shale (Personal communication, John
Wakefield-Martin Marietta quarry plant manager, February 6, 1996). This layer developed
alon ;; bedding plane fractures that were weathered by groundwater flow along the top of the
Mississinewa Shale. Wells completed in this layer generally produce more water than the
layer 3 and less water than layer 5.

®»  Model Layer 1 - Low permeability base layer comprised of Mississinewa Shale and underlying
Silurian age dolomite (assumed thickness of 270 - 330 feet), based on using a uniform base
elevation of 377 feet Mean Sea Level (MSL), and a westerly slope of the elevation of the contact
with the overlying fractured zone. The upper Mississinewa Shale is a dolomitic siltstone and
the lower Mississinewa Shale is composed of interbedded limestone and argillaceous
dolemite. The Mississinewa Shale is not a shale in the vicinity of the CS5S. Most of the
domestic wells located southwest of the site are completed in this layer. The average depth of
the domestic wells located southwest of the site is greater than 200 feet.

Lithologic logs from monitoring wells were used to interpret layer elevations in the vicinity of the
(CS3S site. Regional geologic literature was used to interpret thickness of the overburden (Model
Laver 6) and the depth of the Mississinewa Shale contact (top of Model Layer 1) in outlying areas of
the mesh (1J.5.G.S. 1994 and Smith et al. 1985). Lithologic logs from domestic wells located
southwest of the site indicate the potential presence of an ancient river channel, contributing to
overburden thicknesses up to 140 feet. Layer contact elevations for model layers 2 through 5 were
estimated vased on analysis of site well logs and projected off-site using the regional dip of the
bedrock units as reported in Smith et al. (1985). Contours of Model Layer thicknesses based on
estimated _ayer contact elevations are illustrated in Figures 3 through 8. It should be noted that a
detailed representation of stratigraphy was not attempted in this evaluation and the model
stratigraphy is a highly idealized representation of the field. The contact between layer 4 and 5 is
highlv variable, since it is defined based on a subjective evaluation of intensity of fracturing
observed at wells. The thicknesses of various units are representative of those that occur near the
site and these characteristics were assumed to extend through the domain of the model. Lithologic
layers were assumed to be continuous beneath the Martin Marietta quarry, and as such model
layers 3 through 6 were artificially reduced to approximately 1 foot thickness within the quarry.
Thus, the inherent accuracy of the modeling will degrade outside of the area of the CSSS.

2.2.2 Bedrock Fracture Systems

A detailed discussion of the bedrock stratigraphy and fracture systems at the (CSSS has been
presented :n the RI/FS Work Plan presented to IDEM (CDM 1995) and is presented in the main RI
repor: text (CDM 1996). During the RI, CDM and/or ABB-ES conducted a literature review, and
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analysis of rock cores, borehole geophysical logs, and rock outcrops, in addition to a fracture trace
analysis. Evaluation of monitor well water levels indicated regional hydraulic communication
among wells in the study area. Water levels presented in Smith, et al. (1985) indicated regional
continuity in bedrock hydraulic gradients, also indicative of widespread hydraulic communication.
Such continuity of hydraulic gradients and widespread hydraulic communication serves as the
justification for the equivalent porous media assumption.

The orientation of the principal axis of flow for the model was set at North 80 degrees East, which
represents the average of the principal fracture orientations for the Kokomo Limestone and the
Liston Creek Limestone (CDM 1995). As observed in the rose histogram of fracture orientations
(Appendix I), the principal fracture orientation of these lithologic units range from North 70 degrees
East to North 90 degrees East. The average orientation of North 80 degrees East provided the best
match of computed water levels to measured water levels during the flow model calibration.

For further substantiation of these assumptions, the reader is referred to the reference by Ault (1988)
on bedrock jointing in central and northern Indiana.

2.3 Hydraulic Parameters

Initial estimates of hydraulic parameters were prepared based on ranges provided in Smith et al.
(1985) for regional aquifer materials. Initial estimates for hydraulic conductivity, storage coefficient,
and specific yield are summarized in Table 1. Though initial estimates were established for storage
coefficient and specific yield for use in transient simulations, model calibration and flow simulations
were all conducted in the steady-state mode. Effective porosities, which are related to specific
yields are utilized in the solute transport evaluation. No information was available on the primary
porosity or permeability of the unfractured matrix material. The noted hydraulic conductivities
represent the bulk properties of large blocks of the aquifer that can be treated as the equivalent of
porous media at the scale of interest. The fractured nature of the bedrock aquifer system also leads
to the presence of directional anisotropy. Based on fracture orientations present in the area, the
hydraulic conductivity is higher along the direction of the principal fracture set in the east-west
direction. This anisotropy was assumed to be 2:1 between the maximum conductivity direction and
the minimum conductivity direction. Similarly, due to the interbedded nature of the deposits and
the presence of bedding plane partings, a ratio of horizontal to vertical conductivity of from 10:1 to
100:1 was used in the modeling, based on previous experience in modeling fractured limestone
systems.
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Table 1
Initial Hydraulic Parameter Estimates
Horizontal Vertical
Hydraulic Hydraulic Storage
Conductivity Conductivity Coefficient Specific Yield
Mode! Layer (ft/day) (ft/day) (dimensionless) | (dimensionless)
1 10. 1. 1.0E-05 0.20
2 100. 10. 1.0E-05 0.20
3 2.8E-05 2.8E-06 1.0E-05 0.10
4 10. 1. 1.0E-05 0.20
5 100. 10. 1.0E-05 0.20
6 100. 10. 1.0E-05 - 0.20

2.4 Boundary Conditions

Model boundary locations were established based on regional bedrock aquifer water levels in the
model area, as reported by Smith et al. (1985). As noted above, model boundaries were selected to
coincide with lines of approximate equivalent potentiometric head or along flow lines based on the
regional potentiometric surface. Regional water levels used in setting boundary conditions were
based on measurements made in 1980 to 1982. Surface water elevations from USGS topographic
maps were also used to select boundary elevations. Long-term water levels recorded beginning in
1966 indicated water level fluctuations of less than 2 feet, as a result of changes in local pumpage.
Long-term regional water levels are not expected to substantially differ from those measured in 1980
since pumping rates in the area are relatively stable (Smith et al. 1985).

Regional water levels in the model were established using water level data reported in Smith, et al.
(1985) based on the assumption that over the regional model study area, water levels in the bedrock
had not substantially changed from the time of 1980 (as reported by Smith et al.) and 1994 (the
period simulated by the model). As stated by Smith et al. on page 24 “Seasonal and periodic
fluctuations of less than 2 feet superimposed on a long-term trend are shown in hydrographs of the
continuous-record wells. Minor gains and losses in aquifer storage are indicated by seasonal and
periodic fluctuation; however, the long-term trend is approximately steady state.” These minor
fluctuations are produced primarily by seasonal variations in recharge from precipitation, water use
by pumping from wells and streamflow recharge to the aquifers. A direct comparison of reported
pumpage by Smith et al. in 1980 with that used in the RI model cannot be performed as the Smith
document uses a much larger area than the model. Smith et al. reports an approximate pumping
rate of 2.0 cubic feet per second for the Martin Marietta quarry in 1980 (which translates to
approximately 900 gallons per minute), compared to a record of 3290 gallons per minute (gpm) in
1994. This difference in quarry pumping level is acknowledged to be significant, just as short-term
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local contrasts in seasonal pumpage within the model domain are also relatively significant.
However, due to the location of this pumpage near the center of the model, and the location of the
model boundaries several miles from the CSSS site, this discrepancy is unlikely to have a significant
impact on water levels in the bedrock aquifer at the model boundaries at such a distance. The
model boundaries are intended to reflect a long-term stable, regional potentiometric surface upon
which to impose the more localized constraints in hydraulic parameters and pumping stress at the
CSSS site scale.

Further, although a direct comparison of water levels cannot be made between those reported by
Smith et al. for bedrock wells in 1980, and those reported from CSSS monitor wells in 1994, Smith et
al. illustrates bedrock water levels in the vicinity of the CSSS site that are consistent with regional
bedrock water levels presented in the RI Work plan in the vicinity of the site (CDM 1995, Figure 2-
10). This consistency in reported bedrock water levels in the vicinity of the CSSS supports the
overall consistency of regional water levels between 1980 and the recent time frame of 1994-1995.

Fixed head boundary conditions were established at model mesh boundaries where regional water
levels were stable. A fixed head boundary in the model will allow inflow or outflow of water
sufficient to maintain the specified water level. No flow boundary conditions were established
along model mesh boundaries that occurred along regional aquifer flow lines. A fixed head
boundary condition was imposed at surface finite element mesh nodes that occurred along Wildcat
and Kokomo Creeks in the model area. Fixed heads were imposed at a level equivalent to the
topographic surface elevation at these nodes. Rising head boundary conditions, which invoke a
fixed head condition if the upper level water level rises above land surface and flow is inward, were
specified at all land surface nodes. Fixed head boundary conditions specified for the top model
layer (Level 7, top of model layer 6) are illustrated in Figure 9. The “F” symbol in these illustrations
indicates the location of a node at which the initially specified head at that node was held constant
for model simulations.

Boundary conditions specified for model layers 6, 2, and 1 are illustrated in Figures 10a through 10c,
respectively. The fixed head boundary conditions illustrated in these figures are common to model
layers 1 - 6. This specification of boundary head values common to all layers was made as the most
reasonable assumption for boundary conditions given the alternatives. Layer specific water level
data in the outlying areas of the model grid were not available, leaving the alternative of inferring a
vertical hydraulic gradient at the model boundaries based on those observed in the vicinity of the
site. As the vertical hydraulic gradients at the site develop mainly due to recharge from surface
water in the shallow layers and pumping stress in the deeper layers, extrapolation of known vertical
gradients to the model boundaries would be a less valid assumption than the one of uniformity of
hydraulic head at the model boundaries. Due to the distance of the model boundaries from the site,
the imposition of surface recharge and local pumping stress would still result in model-computed
vertical hydraulic gradients at the site that reasonably approximated those observed in the site
monitoring data. As indicated in the Section 2.6 discussion on model calibration, the calibrated
model does produce reasonable approximations of measured vertical hydraulic gradients in the
vicinity of the site.
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The pumping nodes differ among the layers as shown. Appropriate intervals for pumping wells
was determined from well construction data. These pumping wells are discussed below in Section
2.5 of this memorandum.

2.5 Pumping

Model pumping was specified using rates in the Indiana state records obtained for 1994 for the area
of the model mesh (Table 2). Construction records for water supply wells indicated that wells are
typically constructed using casing from ground surface to the depth at which bedrock is
encountered, and finished as open-hole borings for the remainder of the depth.

As such, pumping flow was attributed to model layers according to the hydraulic conductivity of
the layers across which the well was completed. This manner of allocating pumpage across the
entire completion interval is accomplished using a 1-dimensional element to connect all layers that
contribute to production at the well. The properties of the 1-dimensional element are set such that
no significant resistance to flow between the layers is present at the well location. One-dimensional
elements were specified at all locations of pumping wells completed as open holes within bedrock.
The wells illustrated as pumping nodes in Figures 10b and 10c (model layers 2 and 1, respectively)
draw water from overlying bedrock zones, in addition to the specified layers, to simulate the open
borehole effect.

A large subdivision located to the southwest of the site uses individual household domestic wells
for its water supply. A cumulative frequency analysis of well casing depth and total depth for these
wells indicates that the average depth of these wells exceeds 200 feet. Most of the wells are
completed within the deepest bedrock model layer, Layer 1. Pumpage from this area was estimated
based on an average household water use rate of 250 gallons per day, based on information
obtained from the National Groundwater Association (NGWA 1996). The total number of wells was
multiplied by the estimated average of 250 gpd, and this pumpage was distributed among 13 nodes
in the vicinity of the subdivision. Pumpage was distributed among model layers at these nodes
according to hydraulic conductivity using the One Dimensional element feature of DYNFLOW.

Domestic well, DW-282, located north of the Slag Processing Area, was not included in the
construction of this model. CDM contacted the Indiana Department of Natural Resources to obtain
the well construction log for this well; however, no well construction log is available. Analytical
information for samples collected from the three new monitoring wells (UA-105, LA-105C and
LA-105E) installed during the remedial investigation will be used during the FS to characterize
groundwater quality in the area of DW-282. None of these monitoring wells is a pumping well.

Discharge at the Martin Marietta quarry was of interest as a potential calibration target. To estimate
the flows that would result under dewatering conditions, the quarry was simulated as a large
excavation with layers connected using 1-dimensional elements, with a fixed head set at the
elevation of the seepage face for the quarry. The relationship of flux through a porous medium with
hydraulic gradients is fundamental to groundwater flow.
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Table 2
Model Pumpage
) Qwner X (Essting) meters | Y Northing (meters) | Comp. Depth (ft) | Capac. (gpm) | Total '94 Uss {cu.ft.)
63IR CHIPPENDALE GOLF COURSE 572150.00 4473075.00 297 feet. 500 GPM 240625
83-PS _ |FLOWING WELLS INC 574100.00 4474900.00 468 foet. 320 GPM 6418003
83-PS___ |FLOWING WELLS INC 574150.00 4475900.00 485 fest. 250 GPM 5618593.4
83-PS __ |FLOWING WELLS INC 574175.00 4474825.00 312 feet. 400 GPM 2177656.1
83-PS __ |FLOWING WELLS INC 574175.00 4475650.00 400 foat. 200 GPM 1542673.5
52-IR RICES GOLF CENTER 5§73950.00 4475775.00 175 foet. 80 GPM 84218.74
82-IR KOKOMQO COUNTRY CLUB 572650.00 4479350.00 168 feet, 300 GPM 1885711.7
82-IR KOKOMO COUNTRY CLUB 572500.00 4478800.00 140 feet. 600 GPM 2803281.05
82-R KOKOMO COUNTRY CLUB 572475.00 4478725.00 245 foet. 50 GPM 307465.25
32N DELCO ELECTROMICS 574445.00 4480010.00 182 foet. 180 GPM 8977985.5
3N DELCO ELECTRONICS 574238.00 4480105.00 45 foet. 100 GPM 3739044.88
33IN DELCO ELECTRONICS 574239.00 4480105.00 45 fost. 100 GPM 506649.27
33N DEL.CO ELECTRONICS 574232.00 4480109.00 26 teet. 100 GPM 37430.55
3N DELCO ELECTRONICS 574232.00 4480110.00 26 lest. 100 GPM 40104.16
32N DELCO ELECTRONICS 574233.00 4480105.00 30 fest. 1250 GPM 1859496.4
33IN DELCO ELECTRONICS 574234.00 4480105.00 30 feet. 1250 GPM 10694.44
3N DELCO ELECTRONICS 574236.00 4480105.00 40 toet. 100 GPM 4922117.7
33N DELCO ELECTRONICS 574237.00 4480105.00 40 foet. 100 GPM 1189756.86
63-PS _ |IN AMERICAN WATER CO 578875.00 4484175.00 140 feet. 500 GPM 20386283.31
63-PS __|IN AMERICAN WATER CO 579100.00 4484175.00 120 feet. 500 GPM 3292551.85
63-PS _ |IN AMERICAN WATER CO 579250.00 4484175.00 78 test. 500 GPM 12671578.96
63-PS___ |IN AMERICAN WATER CO 575075.00 4481625.00 295 fest. 500 GPM 2092100.55
63-PS __|IN AMERICAN WATER CO 575125.00 4481600.00 300 fest. 500 GPM 1469149.2
63PS___|IN AMERICAN WATER CO 576050.00 4481725.00 325 feet. . 500 GPM 37292862
63-PS___|IN AMERICAN WATER CO 576050.00 4482025.00 265 foet. 500 GPM 26849737.72
6:-PS____|IN AMERICAN WATER CO 574825.00 4481600.00 383 feet. 300 GPM 8904461.19
6:-PS___ |IN AMERICAN WATER CO 575700.00 4481950.00 202 feet. 500 GPM 8030150.4
6:-PS__ |IN AMERICAN WATER CO 575500.00 4481500.00 347 fest. 300 GPM 113626.46
6-PS___(IN AMERICAN WATER CO 576350.00 4481975.00 50 fost. 300 GPM 9606284.057
6:-PS___ !IN AMERICAN WATER CO 576400.00 4481975.00 49 foet. 300 GPM 2081406.106
6-PS___ |IN AMERICAN WATER CO 576475.00 4481975.00 49 foet. 300 GPM 5352569.074
6:-PS___ [IN AMERICAN WATER CO 576850.00 4482400.00 72 fost. 300 GPM 15510953.79
6:-PS___[IN AMERICAN WATER CO 576925.00 4482400.00 62 fost. 500 GPM 16306353.04
2-PS _ |SOUTHWEST CIVIC ASSOC 567150.00 4477150.00 180 feet. 75 GPM 372968.724
12-IN MOON FABRICATING CORPORATIQ 572950.00 4484100.00 234 feet. 100 GPM 192499.98
5-IR HENNINGER, TiM 570600.00 4484825.00 108 feet. 550 GPM 282065.9527
6:-IR CHIPPENDALE GOLF COURSE 572000.00 4473150.00 PD 500GPM 606909.68
8:-IR CHIPPENDALE GOLF COURSE 572050.00 4473175.00 PO S00GPM 1138958.254
6:-IR CHIPPENDALE GOLF COURSE 572025.00 4473125.00 PO 500GPM 2160277.628
6:-1R CHIPPENDALE GOLF COURSE 572050.00 4473175.00 PO 100GPM 240624.9833
1IN MARTIN MARIETTA MATERIALS, IN(  570275.00 4480550.00 oT 3800GPM 134776728.8
1IN MARTIN MARIETTA MATERIALS, IN{ _ 570325.00 4480550.00 or 3500GPM 96584194.7
8:-PS___|IN AMERICAN WATER CO | 57570000 4481950.00 RS 16668GPM 3745140713
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Darcy’s law states that:
Q=KIA
where

Q=volumetric flow rate (volume per time)

K=hydraulic conductivity (length per time)

I = hydraulic gradient (change in head (length) per change in distance (length))
A= cross sectional area of porous medium.

As such, a specific flux for a given area of aquifer (such as the Martin Marietta pit wall) may be
realized by either fixing the flux, or fixing the hydraulic gradient in the surrounding formation. As
hydraulic conductivity was a variable and calibration target in the flow model calibration process,
the authors chose to fix the head within the quarry (having verified that heads in the quarry
pumping condition were held near the base of the quarry at the contact with the Mississinewa
Shale), and vary hydraulic conductivity in model layer 2 (the highly fractured zone above the base
of the Mississinewa which contributes the majority of flow from the quarry) until the appropriate
measured quarry pumping rate was realized by the model. In this manner, the authors used the
krnown factors in the equation (head at the quarry base and measured total flow rate out of the
quarry) to aid in determining the unknown factor of the layer 2 hydraulic conductivity. This
approach was selected because it was more efficient in terms of model operation than specifying

pumping at the quarry.

2.6 Recharge

Areal surface recharge to the uppermost aquifer from precipitation was estimated as 2.6 inches per
year, based on Smith et al. (1985). This recharge was assumed to be uniformly distributed across the
model mesh. The recharge is applied to the uppermost saturated zone in the model. Recharge to
the model from surface impoundments in the vicinity of the CSSS occurs and is apparent in
contours of water levels measured in monitor wells. Due to the large scale of the model, water
levels in the vicinity of the lagoons were controlled by the larger hydraulic influence of Wildcat
Creek. Recharge flux introduced into the lagoon nodes during modeling became assimilated into
the predominant groundwater flow toward the Creek in this area. As such, it was determined that
meaningful simulation of recharge from these sources was probably not appropriate with the
relatively coarse finite element mesh used in this analysis.

2.7 Model Calibration
2.7.1 Method

Calibration of the groundwater flow model was performed under steady-state conditions, using
1995 water levels measured in on-site monitoring wells as the measured data set. Model hydraulic
parameters were varied from initial estimates within reasonable ranges during successive model
calibration simulations in order to obtain a reasonable concordance between model-computed and
measured water levels, and calculated vs. measured discharge at the Martin Marietta quarry.
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2.7.2 Calibration Targets

Due to local variability in measured groundwater elevations, likely as a result of fracture flow
patterns, the mean difference in model-computed versus measured water levels was used as a
preliminary measure of water level fit in the individual model layers. In using the mean difference
of computed and measured water levels, negative differences can cancel out positive differences,
resulting in an apparent low average difference. To account for this effect, the standard deviation of
the computed differences was also considered as a measure of the absolute difference of measured
and computed heads. Groundwater flow rates and velocities are directly influenced by hydraulic
gradients. As such, the similarity of measured and computed horizontal and vertical hydraulic
gradients in the various model layers was also established as a secondary calibration target.
Additionally, the rate of dewatering pumpage from the Martin Marietta quarry was also used as a
primary calibration target. Flow from the Martin Marietta quarry was not explicitly simulated as
pumping, but by setting fixed heads near the base of the quarry. The flow computed by the model
at nodes coinciding with the quarry was then compared with measured flow rates. Calibration fit
parameters were not computed for model Layer 1 due to the absence of water level data specific to
that zone. Likewise, no calibration was attempted for the drift zone (Layer 6) again due to sparse
water level data for this zone. The extreme variability of water levels on a local scale, due mainly to
local variations in fractured rock hydraulic properties, limits the ability to obtain very close
agreement between the model calculated water levels and observed water levels without a great
deal more field data and variation in hydraulic properties.

2.7.3 Calibration Procedure

Model calibration began using the original assumed estimates for vertical and horizontal hydraulic
conductivity, anisotropy (as applied to horizontal hydraulic conductivity), surface recharge, and
fracture orientation. Calibration proceeded by introducing an offset of the primary axes of
horizontal hydraulic conductivity to correspond to the primary fracture system orientation at N8OE.
An anisotropy ratio of 2:1 for the X:Y horizontal directions was also introduced to account for
directional variations in hydraulic conductivity resulting from major and minor directions of
fracture orientation as documented in the RI. Subsequent changes were made in an effort to
improve the model fit as gauged by the calibration targets presented in Section 2.7.2. Subsequent
calibration simulations focused on the hydraulic conductivity of model layer 2 and the manner in
which node and element properties were configured in the vicinity of the Martin Marietta quarry pit
in order to best simulate the pumping open pit configuration and to approximate the measured
dewatering flow from the pit as closely as possible. Hydraulic conductivity of the massive layer 3
limestone and the layer 6 overburden were also adjusted to be more consistent with available data
and to improve the overall model fit to the calibration target parameters. The ranges of values used
for horizontal and vertical hydraulic conductivity during calibration are summarized in Table 3.
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Table 3
Model Calibration - Range of Hydraulic Conductivities (ft/day)

Model Layer Description K, K, K,

1 Mississinewa/Silurian 10.0 5.0-10.0 0.1

2 Frac. Limestone above 100 - 210.0 62.5-105.0 1.0-2.10

Mississinewa
3 Massive Limestone 2.8 x10°- 2.8x10%- 0.0015 | 2.8 x107- 0.00003
0.003

4 Lower Fractured zone 10.0 5.0-10.0 0.1

5 Upper Fractured zone 100.0 50.0 - 100.0 ! 1.0

6 Overburden 10.0 - 100.0 10.0 - 100.0 . 01-10

Although a rigorous sensitivity analysis was not included within the scope of this modeling task,
the ranges of these parameters used in the model calibration provides a general indication of which
parameters had the largest influence on water levels during calibration. As indicated in Table 3, the
hydraulic conductivity of model layer 2, which controls the rate of flow to the Martin Marietta
quarry, had the largest range of variability during calibration, had the largest influence on the
overall fit of the model-computed water levels to measured water levels, and was the most sensitive
model parameter during calibration.

2.7.4 Calibration Results

Beginning with initial estimates of hydraulic parameters, successive steady-state flow simulations
were perfarmed, varying selected model parameters within reasonable ranges to improve the model
fit to calibration targets. Model fit improved significantly, and mass balance error was reduced,
when the horizontal to vertical anisotropy ratio was increased to 100 from the original assumed
value of 10. This ratio was preserved in subsequent simulations. This horizontal to vertical
anisotropy ratio is necessary due to the simulation of contrasting permeability layers as single
layers, rather than increasing the amount of vertical discretization. To simplify the calibration
discussion, only the final simulation has been selected for discussion in detail. Numerous iterations
on the calibration process were required to select the final calibrated model.

Hydraulic conductivity was varied to achieve satisfactory agreement between calculated and
measured values for head and quarry discharge. The range of this variation was selected based on a
review of hydraulic conductivity reported in Smith et al. (1985), results of on-site tests and the
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scientific literature for aquifer materials of similar lithologic composition, in those cases where no
other data was available. During calibration, directional anisotropy was introduced, based on
analysis of regional fracture orientation reported in previous studies at the site (CDM 1995).
Hydraulic conductivity transverse to the primary direction of flow was reduced by a factor of

2 relative to the hydraulic conductivity along the principal axis of flow in fractured rock layers
(model layers 1 - 5). In addition, the principal axis of flow was rotated to coincide with the
orientation (strike) of the predominant fracture orientation at the CSSS site, at ten degrees north of
east (E10N) (CDM 1995).

Table 4 summarizes the simulation mass balance error, the model-computed flow from the Martin
Marietta quarry, the arithmetic mean difference between model-computed and measured heads at
observations wells, and the standard deviation of the differences for each model layer.

Table 4
Model Calibration - Head Comparisons
Discharge Mass
Calibration at Quarry Balance Model Mean Head Standard
Simulation ID (gpm) Error (%) Layer Difference (feet) Deviation (feet)

CSCALO7B 3265 -0.25 2 5.37 17.86

3 -8.532 14.1

4 0.738 18.277

5 -0.524 5.89

6 2.1 4.89

Measured Flow from Quarry: 3290 gpm

The average difference between modeled and measured heads generally improved progressing
toward the shallower model layers. A relatively high standard deviation resulted for all model
layers due to the high local variability in measured water levels. Such variability is typical of water
levels in fractured rock aquifer materials. Vertical gradients computed between the deeper bedrock
(model Layer 2) and the upper fractured zone (model Layer 5) at selected monitoring well locations
compared well with those computed based on 1993 water levels (CDM 1995) (Table 5). The
exception to this fit was most pronounced at the UA-20/LA-08 nest, which is very near the Martin
Marietta quarry. The proximity of this nest to the large stress imposed by the quarry on the aquifer
system and local variability due to fracture flow limits the ability to fit the observed data at this
location.
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Table 5
Final Model Calibration - Vertical Hydraulic Gradients
Monitoring Well Vertical Vertical Vertical
Location Gradient(Measured, 1993F Gradient(Measured, 1995) | Gradient(Modeled)
UA-01/LA-01 0.08 -0.01 0.11
UA-17/LA-06 0.38 0.39 0.52
UA-20/LA-08 0.86 0.88 -0.03

2 Based on values reported in CDM (1995). Positive gradient indicates downward flow

* Based on November 1995 water level measurements

* Based on model simulation CSCALO7B results.

Final calibrated hydraulic parameters are summarized in Table 6. Model boundary conditions,
regional pumping levels, and surface recharge were not changed from the original estimates.

Table 6
Final Calibrated Hydraulic Conductivities (ft/day)
Model Layer Description K, K, K,
1 Mississinewa/Silurian 10.0 5.0 01
2 Frac. Shale above 210.0 105.0 2.10
Mississinewa
3 Massive Limestone 0.003 0.0015 0.00003
4 Lower Fractured zone .10.0 5.0 0.1
5 Upper Fractured zone 100.0 50.0 1.0
6 Overburden 10.0 10.0 0.1

The configuration of the calibrated potentiometric surface in the area of the site is shown on
Figures 11 to 13 for layers 5, 4 and 2 respectively. As can be seen by these figures, the flow regime
in the vicinity of the site is dominated by the discharge to Kokomo and Wildcat creeks and the
pumping at the Martin Marietta quarry. Figure 14 shows a cross-section with potentiometric
contours and flow vectors plotted running through the site and the quarry.

An additional steady state flow field was developed to assess what the affects on groundwater flow
directions might be if dewatering at the quarry were shut down in the future and the pit was
allowed to fill. This simulation used all of the previous parameters, with the exception that the fixed
heads to represent quarry pumping were disabled and the resulting steady state flow field
calculated. Figures 15 to 17 show resulting potentiometric surfaces for layers 5, 4 and 2 respectively.
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Figure 18 shows the same cross-section presented previously for the new conditions. This case
indicates that the discharge to streams will control the flow direction.

Results of the flow modeling were used to develop velocity fields to simulate contaminant transport
at the site as described in the next section. The results of the flow modeling show that the site
conceptual model, as implemented in the numerical model is capable of approximately reflecting
the flow field observed at the site using hydraulic parameters that are within an acceptable range of
those measured. The use of porous media equivalent to describe the flow system adequately
reproduces the principal features observed at the site, including very close approximation of
discharge to the Martin Marietta quarry.

The model calibration adequately meets the stated goals of reconnaissance level modeling for
estimation of potential concentrations at receptor locations under alternative flow regimes and for

comparison of potential remedial alternatives in the FS.
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3 Contaminant Transport Model

3.1 Purpose

Contaminant transport modeling was performed to achieve the following objectives:

m  Characterize groundwater flow pathways between suspected source areas and potential
receptors.

m  Estimate potential concentrations of the selected target chemicals TCE and PCE at specific
receptor points.

®  Evaluate the effect of the Martin Marietta quarry pumping on groundwater flow pathways
and receptor point contaminant concentrations.

This contaminant transport modeling is done at a reconnaissance level of detail sufficient to meet
the objectives of the modeling. The solute transport model incorporated advection and dispersion,
but not degradation or sorption.

3.1a DYNTRACK Model

The computer code DYNTRACK was used for analysis of solute transport. DYNTRACK is a
computer program for the simulation of three-dimensional contaminant transport, and is the
companion code for DYNFLOW. DYNTRACK uses the same three-dimensional finite element grid
representation of aquifer geometry, flow field, and stratigraphy developed for a particular
application of the DYNFLOW model.

DYNTRACK simulates the movement of dissolved contaminants in the saturated zone using the
calibrated flow fields generated by DYNFLOW. DYNTRACK can perform either simple, single
particle tracking of advective flow, or can model three-dimensional contaminant transport with
advection, dispersion, adsorption, desorption and first-order decay of constituents. Solute transport
simulation uses the random walk method with large numbers of particles to represent advection
and dispersion processes. Advective flow particle tracking was simulated to evaluate groundwater
flow pathlines to potential receptors. Solute transport was simulated to estimate potential
concentrations of the selected constituents PCE and TCE at receptor points. Appendix C provides
more detail on the capabilities and mathematical basis for this model.

3.2 Conceptual Model and Source Characterization

Suspected source areas include the Markland Quarry, the Main Plant area, the vicinity of the Fence
Plant, the Lagoon Area and the vicinity of Haynes International Inc. Defenbaugh Street Operations
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As solute transport model calibration was not within the scope of the RI modeling, sensitivity
simulations of solute transport varying the dispersivity over a range of values was not performed.

Transverse dispersivity was also estimated from typical ranges of the transverse to longitudinal
dispersivity ratio reported in the literature. A study performed by Bredehoeft (1976) for a variety of
hydrogeologic settings, including fractured limestone, reported a range of 0.2 to 1.0 for this ratio. A
ratio of approximately 0.3 was the most prevalent in this report (including the fractured limestone
evaluation), and was adopted for use in this analysis. As such, transverse dispersivity was
approximated as one-third that of the longitudinal dispersivity at 10 feet.

Effective porosity and anisotropy properties of the aquifer materials were similarly estimated from
the scientific literature for materials of similar properties (Mercer et al., 1982). The effective porosity
of the fractured material was assumed to be 10 percent. Effective porosity of the overburden
material was assumed to be 20 percent. Vertical to horizontal anisotropy for dispersivity was
assumed to be 0.01.

These assumptions lead to development of a very conservative estimate of potential concentrations
at downgradient receptors. Several processes operating at the site will attenuate concentrations of
these constituents by the time they reach receptors or points of discharge. Anaerobic degradation of
chlorinated solvents is taking place at the site, as evidenced by the presence of cis-1,2-
dichloroethylene and vinyl chloride. Sorption of the contaminants of concern will also take place on
organic carbon likely to be present in the fractures through which transport takes place. Clay
minerals and other large surface area contributors such as complex iron hydroxides are also likely
present and will serve as sorption sites that will attenuate the movement of contaminants in the
subsurface. Matrix diffusion processes where concentration gradients in the active flow pathways
drive contamination into pore space in the unfractured rock will also be a significant source of
attenuation that will delay movement of contaminants to potential receptors.

3.4 Contaminant Transport Simulations

Contaminant transport was simulated initially by tracking single particles from identified source
areas to characterize groundwater flow paths and velocities. This was followed by explicit solute
transport simulation of dissolved TCE and PCE in groundwater. Both of these methods of
contaminant transport simulation used the computed steady-state groundwater flow fields both for
the Martin Marietta quarry pumping and for the flow field with the quarry not pumping. In total,
six simulations were performed, summarized as follows:

1.  CaseA: Particle tracking from selected source areas - Martin Marietta quarry pumping.

2. CaseB: Particle tracking from selected source areas - Martin Marietta quarry not
pumping.

3. CaseC: Solute transport of TCE - Martin Marietta quarry pumping.

4. CaseD: Solute transport of PCE - Martin Marietta quarry pumping.
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5. CasekE: Solute transport of TCE - Martin Marietta quarry not pumping.

6. CaseF: Solute transport of PCE - Martin Marietta quarry not pumping.

3.4.1 Particle Tracking Simulations

Particle tracking simulations were performed by introducing groundwater particles within model
layers in which contamination was recorded based on monitoring well data at the following
locations:

®  Markland Quarry (suspected TCE source) - Layer 5

m  Fence Plant near Well UA-06 (suspected PCE source) - Layer 5

m  Vicinity of Wells LA-04 and UA-11 (suspected TCE source) - Layers 2, 4 and 5
" Vicinity of Well LA-07 (suspected TCE source) - Layer 5

®  Vicinity of Well EW-08 (suspected source, compound uncertain) - Layer 6

®  Slag Processing Area Landfill near Well EW-23 (suspected source, compound uncertain) -
Layers 4 and 5

8 Haynes International, Inc. vicinity near Well SP-07A (suspected PCE source) - Layer 5

Particle tracking simulations were performed in order to gain a conceptual view of where particles
introduced at the locations of the suspected source areas migrated horizontally. Particles were
introduced at the seven locations within layers where they were believed to enter the groundwater
system, based on available data. These source introduction layers included all but model layers 1
and 3, representing the low permeability units of the Mississinewa Shale/Silurian dolomite and the
massive Liston Creek B Limestone interval, respectively. The low hydraulic conductivity of these
zones and their locations within the stratigraphic section make them unlikely candidates for points
of source introduction. Once introduced, the vertical migration of the particles within the tracking
algorithm was not restricted to specific layers. Particles were introduced at these locations and
tracked through the flow field for a period of 50 years. Plots of the particle flow paths emanating
from these sources for the two flow field scenarios are presented in Figures 19 and 20. Figure 19
illustrates particle flow paths for Case A, Martin Marietta quarry pumping. Figure 20 illustrates
particle flow paths for Case B, Martin Marietta quarry not pumping. Though these plots represent
primarily horizontal flow, particles are also free to move in the vertical plane along these paths in
response to vertical hydraulic gradients. In these plots, square symbols represent particle starting
positions. Cross symbols represent intermediate particle locations during the simulation. Asterisk
symbols represent positions where particles exit the subsurface flow system. Particles exit the
system at both the quarry and at Wildcat Creek in Case A (Figure 19). Particles exit the system at
nodes coinciding with Wildcat Creek (Figure 20) in Case B.
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In Case A, all of the simulated particle flow paths move toward the quarry. As observed in the
water level contours, the Martin Marietta quarry controls the flow path tracks in the vicinity of the
site, (Figure 19). The flow path originating at the well LA-04 location in Case A within Layer 2
moves more directly toward the quarry due to the smaller influence of Wildcat Creek on
grounciwater flow direction at deeper levels. In Case B, groundwater particles generally do not
travel as far as in Case A, due to the lower gradients when the quarry is not pumping, but still
follow regional groundwater flow in a generally westward direction, and toward the main channel
of Wildcat Creek (Figure 20).

It is noted that contaminant concentrations have been detected in a domestic well, DW-282, located
approximately 800 feet north of well EW-09 in the Slag Processing Area. Since well construction
information and pumping records were not available for well DW-282, this well was not included as
a pumpir ; well in the model. The movement of contamination from known sources to the DW-282
location north of Markland Avenue is not projected by the model. Since this groundwater mode! is
intended to provide a reconnaissance level of detail, this model does not depict localized particle
tracking due to potential mounding of the groundwater in the Lagoon Area, preferential flow along
loralized fractures, and/or influences of pumping from DW-282, all of which may be contributing to
the actual detection of contaminants in water samples from this well. Additional modeling
undertaken during the FS will include active surface contaminant source terms, which may
significantly alter contaminant transport projections for this area. R

3.4.2 Contaminant Transport Simulations

Groundwater monitoring results for the CSSS were compiled and tabulated. Values for TCE and
PCE for monitoring wells were compiled and identified by model layer (Table 7). These
concentrations were contoured using a quadratic interpolation function, with the resulting
estimated values used as the initial concentration in the appropriate model lavers (Figures 21
through 25b). The initial concentration contour maps were discretized over the model mesh such
that individual mesh nodes were assigned initial concentration values. The concentration contour
maps generated by the interpolation function are approximate away from the monitoring well data
points. Contaminant transport simulations were performed for each of the two compounds using
each of the two steady-state flow fields (Cases C through F) over a period of 50 years.

Projected concentrations for each of the contaminant transport simulations after 20 years of
sirnulated contaminant transport are presented in Figures 26 through 35. These figures provide a
snapshot of what distributed concentrations of PCE and TCE may prevail in 20 years, assuming
sonrce control has been enacted, but no further remedial action has been taken. The time horizon of
20 years was selected as representative of solute transport pathways for the two flow scenarios. In
Case C and D, initial TCE and PCE concentrations generally follow advective flow pathways toward
the Martin Marietta quarry. Maximum TCE concentrations of approximately 1,020 ug/1 are
observed in the vicinity of the quarry in Layer 4 after 20 years in Case C (Figure 27). The relatively
high projected TCE concentrations in Layer 4 suggest vertical transport of TCE from Layer 5 to
Laver 4 is occurring due to the strong vertical downward gradients induced by quarry pumping.
Initial TCE concentrations in Layer 2 are advected laterally toward the quarry (Figure 28). The same
general trends are observed for PCE in Case D (Figures 29, 30 and 30b). This analysis indicates that
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quarry pumping is the dominant process controlling movement of contaminants at the site.
Contarnination originating in the main plant area and Markland quarry partially flows under
Wildcat Creek toward the quarry, with some loss to the creek. Locations which receive discharge
from groundwater for the conditions where the quarry is pumping include Wildcat Creek in the
reach from the plant site to just below the Haynes International, Inc. facility west of the lagoons, and
the Martin Marietta quarry itself. The Martin Marietta quarry is the dominant mechanism for mass
removal in the vicinity of the site.

In Cases I and F, initial concentrations of TCE and PCE are generally more dispersed, and do not
travel as far from original source areas toward the Martin Marietta quarry, due to the absence of
pumping from the pit (Figures 31 through 35). Discharge to Wildcat Creek is the major mechanism
controlling movement of contaminants to the surface. Localized areas north and east of the lagoon
area st.ows increased concentrations in model Layer 4 at 20 years, resulting from downward
miigratior in this area (Figure 32). A similar occurrence is observed in this area with respect to PCE
concentrations in Layer 4 at 20 years (Figure 35).

All of the:e simulations assume that no additional source contribution of mass takes place to the
aquifer and that advective transport of contaminants currently in groundwater takes place.

Concentrations at potential receptor locations would remain at the peak for a longer period of time
if sources continue to contribute.

Additional groundwater quality data is being compiled which will be included in revising the
interpretation of the initial concentration plume maps. Future contributions of the source areas will
be calculated during the FS.

3.5 Summary of Contaminant Transport Modeling

Based on these simulations, the following conclusions are presented:

®  Contaminant transport in the vicinity of the CSSS is controlled by the major hydraulic
influences of the Martin Marietta quarry pumping, and Wildcat and Kokomo Creeks.

®  Simulated groundwater flow path tracks and dissolved contaminants TCE and PCE are
generally confined to a central contaminant transport pathway following the course of Wildcat
and Kokomo Creeks in the westerly direction. Transport pathways do not diverge
significantly from site source areas to the north or south of this main transport pathway.

®m  Capture of contaminated groundwater originating on the CSSS by domestic wells in a
subdivision located southwest of the site is unlikely under either of the quarry operational
scenarios.

The groundwater model as calibrated succeeds in simulating the regional groundwater flow system
in. the vicinity of the Continental Steel site, including six hydrogeologic units, surface water features,
pumping wells, and a heavily pumping quarry pit.
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Additional fate and transport analyses will be performed using the model developed as described
herein, during the FS. A quantitative risk assessment will also be performed using the model
during the time frame of the FS. The model will prove a valuable tool in addressing these key

elements of the FS.
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Table 7
Initial Solute Concentrations
Welt ID Easting Northing Model Layer Date PCE (ugM) | PCE_qual. | TCE (ug/) | TCE_qual
LA-OBE 189971.42]  1904277.28| L2 81493 21ju 2
LA-O4E 193942.81]  1904305.16]L2 82093 250jU 2830
L4-08B 189971.42]  1904277.28[ L4 12/7/95 oju 110
Ls02C 19577037  1905394.65| L4 826/93 oju 12
La-RA 195770.37]  1905394.65] L4 1272185 ofu 5
few-17 190864.52|  1904055.93[ L4 11/3095 oolE 40
lew-18 191332.45|  1903414.01| L4 11/30/85 oju 1300
[ew-1s 190697.69  1903789.72| L4 11/30/85 o[y 3
w17 190864.52]  1904055.99 L4 11883 0 »
UA-20 188566.89]  1003984.82) L4 81683 2 5
E-18 191529.93] 190337878 LS 412583 460 48
EM-19 190752.77]  1903834.38]LS 41233 41700 5400
£4-20 190862.62|  1904053.05| LS 1892 155 94
EW-06 191549.18]  1903924.34[ LS 1172985 4 )
£/-07 191602.15|  1904179.51[15 81183 olu 13
EW-09 191026.4]  1904252.13[15 81183 olu 2
EW-11 191541.74]  1802784.93] LS 1172095 oju 4
[ewe1a 188706.14]  1904831.38] LS 1693 0.5{J 05
[Ew-18 191520.93]  1903378.76[ LS 1173085 350/0 120
EW-19 190752.77]  1903834.38]L5 &3 3300|EJBF 1700
Ew-20 190862.62] 190405305 L5 8/24/93 2 9
Ew-21 19135021] 190339725 L5 6/1/83 5|UJBF 5
EW-23 190886.18 1904072.8| LS 8173 s|uBfF 5
Ew-28 192808.64]  1904544.69L5 11/30/95 2 110
EW-33 194542.96)  1903417.86L5 82783 olu 3
LA-06 195055.04| 190522979 L5 1172985 490|E 1£0
La-11 193934.29]  1904264.72| LS 1783 290 530
LA-28 195355.24]  1906162.09] LS 11/29/35 600|0 370[D
LA-29 194498.99]  1905586.43) LS 1122095 48l0 14
L A30 184317.54 1905004 .48 LS 11/2905 190010 22010
UA-32 19316025]  1904929.01{ L5 12/13/95 olu 860|0
Sw-22 191236.42] _ 1904078.85) L6 /193 410(8F 5
Ew-22 191236.42[  1904078.85[ L8 41393 100 15
EwW-08 192013.69]  1904507.97| L6 11/29/95 olu 5t0
U2 196475.54]  1005060.57| L6 11729495 olu 40|D
Ew-30 193126.15]  1902775.28) L6 812793 oju 3

8 » indicates the anslyts was found n the associated biank as well as the sample.

Q * indicates all compounds jentified in an snalysis at 8 secondary dilution factor.

€ 1 indicates compunds whose concentrations exceed the calibretion range of the
GCMS instrument for that specific anslyss.

£ 1 Data genersted using Field Analytical Services Program using fast analytical
mathodologies. Analytes are tentatively identified and concentrations are
quaniitative estimates.

3 4 indicates an estimated valus,

U = inds pound was analyzed for but not dstected.

Mote: Data compiled pnor to 1995 generated by ABS Consultants, and Haynes intemational
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REVIEW OF DYNFLOW AND DYNTRACK GROUNDWATER SIMULATION COMPUTER CODES

Report of Findings, May 3, 1985

by Paul K.M. van der Heijde, Director
International Ground Water Modeling Center
Holcomb Research Institute

Butler University

Ingianapolis, IN 46208

Introduction

By request of the Office of Waste Program Enforcement of the U.S. Envi-
ronmental Protection Agency, the DYNFLOW and DYNTRACK models developed by
Camp, Dresser and McKee, Inc., have been reviewed. This document and the
opinions expressed herein do not represent the position of the Agency on the
issues discussed. For the reasons stated below, this review should not be

construed to be a complete or comprehensive peer review.

The review, requested by EPA in support of its involvement in the Price
Tandfill case in New York, is aimed at evaluating the validity of the DYNTRACK
solute transport simulation code. As stated in the letter from Johanna
Miller, EPA, September 21, 1984, the objective of this review is "to comment
on the theoretical base and mathematical framework of the CDM model." Because
the heads required as input for the DYNTRACK code are generated by the DYNFLOW
groundwater flow code, both DYNFLOW and DYNTRACK are subject to this review.
The scope of work for this review is described in a letter by PRC Engineering,
Inc., Chicago, I1linois, November 21, 1984, through which organization this
review was subcontracted to the Holcomb Research Institute. According to the
scope of work described in that letter, the key elements of the review should
be:

(1) Review of all available documentation pertaining to the DYNFLOW and
DYNTRACK computer codes;



(2) Review of modeling theory, the assumptions underlying the models,
the equations describing the physics of the real system, the code

structures, and the solution techniques;

(3) Review the exercise of example problems of reviewers' computer

facilities; and

(4) If allotted time allows, develop additional test problems and run
them at reviewer's facilities to test the computer codes and to
determine their numerical and physical constraints.

The first three of these elements have been completed and are reported in
this document. The fourth element could not be carried out because of time

constraints.

The definition of the word model, as used in this report, includes the
mathematical framework and the computer coding. This definition does not
include the simulation of any laboratory or field experiment or field problem.

The standard groundwater model review process as carried out by the
International Ground Water Modeling Center (IGWMC) comprises evaluation of the
underlying theory, review of the user's manuals, and inspection and testing of
the computer code. To carry out a complete review, the Center requires
detailed documentation of the model, the computer code for implementation on
the Center's computer facilities, and a file with the original test data used
for the code's verification.

First, the theory underlying the model is reviewed; that is, its mathe-
matical rigor is assessed and an evaluation is made of the correctness of the
description of the modeled processes. Additional criteria include evaluation
of the numerical method from an application point of view, with respect to the
special rules required for proper utilization of the model (e.g., data assign-
ment according to node-centered or block-centered grid structure, shape of
elements, grid size variations, treatment of singularities such as wells,
approach to vertical averaging in two-dimensional models, or layered three-
dimensional models, and treatment of boundary conditions), and evaluation of
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the ease with which the mathematical equations, the solution procedures, and
the final results can be physically interpreted.

The documentation is then evaluated through visual inspection, comparison
with existing documentation standards and guidelines, and through its use as a
guide in operating the relevant code at the IGWMC. Good documentation
includes a complete treatment of the equations on which the model is based, of
the underlying assumptions, of the boundary conditions that can be incor-
porated in the model, of the method used to solve the equations, and of the
1imiting conditions resulting from the chosen method. The documentation must
also include a user's manual containing example problems complete with input
and output, programmer's instructions, operator's instructions, and a report
of the initial verification of the code.

The computer code is then reviewed and tested. In the review, attention
is given to the manner in which modern programming principles have been
applied with respect to code structure, optimal use of the programming lan-
guage, and internal documentation. To check for correct coding of theoretical
principles and for major programming errors ("bugs") in the code, the code is
run using problems for which an analytical solution exists. This stage is
also used to evaluate the code sensitivity for grid design for various domi-
nant processes and for a wide selection of parameter values. (Due to time
constraints, sensitivity testing was not incorporated into this review.)

Although testing numerical computer codes by comparing results for sim-
plified situations with those of analytical models does not guarantee a fully
debugged code, a well-selected set of problems ensures that the code's main
program and most of its subroutines, including all of the frequently called
ones, are being used in the testing.

To test special features that cannot be handled by simple close-form
solutions, as in testing irregular boundary conditions and heterogeneous and
anisotropic aquifer properties, hypothetical problems are used. Sensitivity
analysis is then applied to determine code characteristics. Finally, data
from field sites are used (if available) to validate the model. However, for
many types of groundwater models, including three-dimensional solute transport
simulation codes (as in DYNTRACK), no such complete set of testing techniques
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is currently available. Therefore, to test these three-dimensional solute
transport simulation codes, one- and two-dimensional analytical solutions are

used.

The code testing by the Center is also used to evaluate the user's guide.
Special attention is given during the code testing to the rules and restric-

tions ("tricks") necessary to operate the code,

General Comments on DYNFLOW and DYNTRACK

The DYNFLOW and DYNTRACK computer codes were reviewed by Paul K.M. van
der Heijde, at the IGWMC in Indianapolis. P. Srinivasan of the IGWMC assisted
in reviewing the codes and in evaluating their documentation. Additional
information regarding the operation of the codes was obtained during a meeting
with P.J. Riordan, R.P. Schreiber, and B.M. Harley of the Camp, Dresser and
McKee model-developing group at the CDM corporate offices in Boston, Massachu-
setts, December 4-6, 1984 and during a number of telephone conversations in
the period December 1, 1984 through February 15, 1985.

Preliminary reporting to EPA took place by letter of December 10, 1984.
Some of the reviewed documents were not received until the last week of Novem-
ber 1984, particularly the DYNTRACK user's manual. Upon his arrival at CDM's
offices in Boston, Massachusetts on December 4, 1984, the reviewer was pro-
vided with a significantly updated version of the DYNTRACK manual. Also, the
last two of the reviewed documents listed on p. 2 were first provided during
the meeting with the CDM modelers.

After a preliminary eQa]uation of the findings was reported on December
10, EPA decided to have a more thorough and independent evaluation of the
codes undertaken through implementation and test-running of the codes at
IGWMC's computer facilities. This code-testing was performed using the com-
plete set of examples presented in the documentation of the codes. To further
check the results of the simulations with analytical solutions, programs
developed and implemented at IGWMC were used.

As mentioned earlier, well-documented field data sets are scarce and have
not yet been developed for the purpose of testing three-dimensional solute
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transport models. Testing of the codes was therefore restricted to the
simplified hypothetical problems presented in the sample problem set.

The results of the inspection of the DYNFLOW and DYNTRACK source codes
and their documentation and of the evaluation of the run-tests of the codes

are presented in this report.

Documents Reviewed

Riordan, P.J., B.M. Harley, and R.P. Schreiber, Three-Dimensional Modeling of
Flow and Mass Transport Processes in Groundwater Systems. Proceedings
NwWA/IGWMC Conf. on Practical Application of Groundwater Models, Colum-
bus, Ohio, August 15-17, 1984, pp. 112-132.

Camp, Dresser and McKee, Inc., Details of the DYNTRACK model. Appendix D of
internal report, 1983.

Riordan, P.J., R.P. Schreiber, and B.M. Harley, Three-Dimensional Modeling of
Groundwater Flow. Internal report, Camp, Dresser and McKee, Inc.,
Boston, Mass., 1983.

DYNFLOW A 3-Dimensional Finite-Element Groundwater Flow Model; Description and
User's Manual, Version 3.0, (draft), Camp, Dresser and McKee, Inc.,
Boston, Mass., Nov. 1984.

DYNTRACK, A 3-Dimensional Contaminant Transport Model for Groundwater Studies:
Description and User's Manual, Version 1.0 (draft), Camp, Dresser and
McKee, Inc., Boston, Mass. November 1984.

Code 1istings of DYNFLOW and DYNTRACK

Code listing of analytical solutions used to verify the DYNTRACK code

Computer log of test problems for DYNFLOW and DYNTRACK including test data and
complete listing of results



DYNFLOW

Description

DYNFLOW is a Galerkin finite-element model for simulation of three-dimen-
sional groundwater flow in saturated porous media. The code uses one-dimen-
sional, planar two-dimensional, and three-dimensional linear elements. The
model solves both linear (confined) and nonlinear (phreatic) groundwater flow
equations in terms of piezometric head, and it can accommodate changing agui-
fer conditions during simulation. The code includes options to simulate a
hydraulic connection with a stream, dewatering schemes, the effect of ponding,
and seepage surfaces. Through use of the model's restart capability, various
changes in parameter values, boundary conditions, and stresses can be evalu-
ated dur%ng a simulation. The equations are solved by Gaussian elimination or

by a block or out-of-core solver.
Evaluation
Computer Code

The DYNFLOW code is based on a well-established quasi-three-dimensional
groundwater flow code, AQUIFEM-N. This widely used code is based on a
reliable and theoretically well-developed technique. Because of its many
options such as the use of various types of elements and its restart capabil-
ity, the code is quite versatile. To apply the DYNFLOW code to complex prob-
lems, a modeler must be familiar with all of DYNFLOW's characteristics and
application rules. The application of the current version is somewhat
restricted by the limited number of layers in which the vertical dimension can
be divided (a maximum of nine layers are hard-wired into the code). However,
it is rather simple to modify the code to handle larger problems.

The structure of DYNFLOW is logical and rather efficient. The use of
specially defined commands facilitates both interactive program execution and
user-friendly updates of data items, simulation parameters, and input-output
controls.



The DYNFLOW code is written using modern structured programming prin-
ciples. All sections of the code are explained internally by COMMENT state-
ments, e.g., the allocation of storage space, the assignment of upper bounds
of variables, and the listing of 1/0 file information. The extensive use of
indentation facilitates easy comprehension of the code's segmented structure.
There is no apparant misuse of IF/GOTO statements. Except for a few places,
the constants are not hard-wired in the subroutines.

The use of ENCODE/DECODE, for processing of the code commands, 1imits the
code to ANSI FORTRAN-77 or extended FORTRAN-66.

The code contains many WRITE statements to log errors and warnings during
a run, which is considered good programming practice. Separate 1/0 files are
used to store head, permeability, grid data, etc., a useful adjunct to pre-
and postprocessing. Because subroutines are not documented internally and
independently, an understanding of previous sections of the code is necessary

at all points.

A program of this size should have documentation of its structure, in-
cluding description of the variables, to assist the user in understanding the
workings of the program. This documentation is lacking.

The code has been applied frequently by CDM in recent years. The experi-
ence obtained in applying the code has contributed to improvements, updates,
and modifications. The final result is a dependable and versatile code,

well-suited for use by experienced modelers in the analysis of various ground-
water flow problems.

During testing the code performed without problems. CDM provided the
reviewer with a complete set of input data and computed results for the given
test problems. The data sets provided by CDM were inspected to check the
representation of the analytical model. No major differences between the
specifications of the test problems and the data used in DYNFLOW were found.
The test data were used to run the DYNFLOW code on the reviewer's in-house
computer system (DEC Microvax-1). The results of these computations were
compared with those provided by COM and with pertinent analytical solutions.
Using the original data set, the reviewer was able to produce the same results
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as obtained by the authors. The comparison with analytical solutions was
good. However, this analysis showed the need for a thorough understanding of
the code's operational characteristics in interpreting computational results.
It should be noted that the ponding subroutine has not been tested by the

reviewer. Further evaluation of this routine is needed.
Documentation

A complete statement of the objectives of the model must include the
basic flow equation and its underlying assumptions. Also necessary is more
extensive referencing regarding the derivation of equations, the definition of
elements and boundary conditions, and the discussion of the egquation solution
methods.

The description of the code elements and the definition of the variables
(section 3) is too brief. The code structure, especially, needs more in-depth
treatment. The interactive commands for running the code and the explanation
of individual commands (e.g., reference manual) are detailed and well-written.

The application section should be expanded to contain instructions on
grid design, parameter selection, boundary conditions, the use of special
elements, calibration techniques, sensitivity analysis, restart capability,
and so forth. Such an extension is necessary because many of the situations
which can be simulated by the code require instructions on how to combine its
advanced features.

Currently lacking in the documentation are the complete input data sets
and listings of the results for the given tests. This information is essen-
tial to evaluate the author's claims with respect to accuracy of the program.
In addition, without such information the user is unable to verify the proper
implementation of the code on the user's computer system.

DYNTRACK

Description
DYNTRACK is a computer model for the simulation of three-dimensional
solute transport in saturated groundwater systems. The model has two modes of
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operation. In the first, or particle tracking mode, it computes the path of a
single, conservative particle undergoing advective transport. In the second
modé, the model employs the random walk technique to simulate three-dimen-
sional advective-dispersive transport. In this mode, first-order decay and
linear adsorption isotherms can be accounted for. The random walk method
solves the transport equation indirectly through simulation of an analogous
process, tracing the paths of a statistically significant number of particles,
each with a predefined mass of the chemical constituent involved. The result
of the computations is a distribution of particles and thus of solute mass.
The dependent variable in the transport equation (concentration) is then
calculated by dividing the total particle mass in a certain volume by the
water volume of that total volume. In DYNTRACK the total volume is a volume

assigned to each node.’

To displace the particles advectively, the velocities in the flow field
must be known. In the DYNTRACK code these velocities are generally derived
from the nodal heads computed by the DYNFLOW code. Because of this 1link
between the DYNFLOW and the DYNTRACK codes, the computations in the DYNTRACK
code generally take place on the same element grid base as in the DYNFLOW
code. Also, due to this link, the velocity across an element boundary is
discontinuous in the DYNTRACK code.

The displacement of particles moving through more than one element during
a certain timestep is not corrected for changing velocity when the particles
leave the element where their displacement originated. To prevent cumulative
inaccuracies, the code checks for each timestep if at the end of that timestep
the particle is in one of the neighboring elements. If the particle is not in
this area, the code displays a "particle lost" message and a smaller timestep
must be chosen. This feature is also designed to assure conservation of mass
in the model.

This approach to displacement accuracy checking is combined with a
routine for the simulation of particles bouncing back from a no-flow boundary.
It is an efficient routine directly related to the required accuracy for that
location through linking to the element configuration (for high accuracy small
elements should be used). Although this feature is included in the code, it
is not documented in the manuals.



Through use of a retardation factor, the code can handle adsorption. In
the code this is an element property. To account for the loss of mass in the
liquid phase, the code corrects the calculated concentrations by dividing by
the retardation coefficient, resulting in an increase of the apparent volume.

The approximation of adsorptive processes by a retardation coefficient is
currently the most widely used approach to incorporate the effects of adsorp-
tion into solute transport models. However, desorption cannot be handled by
this approach and calls for a more complex representation of the matrix-liquid
interactions. The DYNTRACK code does not allow for desorption.

The code can also handle first-order decay. However, this is considered
a global property and cannot be assigned to the individual elements.

Fluid density differences resulting from variations in solute concentra-
tion are assumed negligible and are therefore not incorporated.

Evaluation
Computer Code

By taking an analogue approach to solving the transport equation, the
random walk method distinguishes itself from other numerical methods. Conse-
quently, 1its strengths and weaknesses differ from the more established
finite-difference method and finite-element method, and from the method of
characteristics. The strength of the random walk method lies in the analogy
used to represent the transport processes. This physically based analogy can
be used to analyze the pathways for the solute movement. In addition, the
stochastically based random walk representation of dispersion is a generally
accepted way of describing this complex phenomenon. The weaknesses of the
method are primarly those intrinsic to the use of an analogy and to the dis-
crete nature of the particle mass. Because of the discrete nature of the
particles and the application of stochastic principles, a large number of
particles is needed to obtain an accurate solute mass distribution. However,
no guidelines can be derived for the minimum number of particles theoretically
necessary to achieve a certain accuracy. The analogous approach resulting in
a solute mass distribution forces the user to interpret the results at the end
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of the simulation in terms of concentrations. Various approaches are possible
to map the particle mass over each volume element and convert it into a con-
centration distribution. The approach adopted for the DYNTRACK code results
in irregularly patterned concentration distributions. The developers of the
DYNTRACK code have therefore added optional routines to smooth the results.
However, such techniques might lead to a loss of information in the final
results.

For a modeled system in which significant dispersion occurs, back-scatter
(negative or upstream random displacement) can cause problems in models based
on the random walk method, especially in areas near the solute sources. Also,
the use of a finite number of particles can be the cause of scatter in the

results.

Finally, the random walk method is not suited for simulation of transport
of pollutants from extensive nonpoint sources relative to the scale of model-
ing. That is, contaminant sources should not exceed an area of a few elements
or nodes; otherwise an excessive number of particles would be needed to
achieve reasonable accuracy. Therefore, only simulation of distributed
sources of limited areal extent can be handled.

The theoretical treatment of the optional nonconservative processes
(adsorption and first-order decay) is in accordance with current theory.!
Further testing of these optional features has not been performed.

Like the DYNFLOW code, DYNTRACK is written using modern structured pro-
gramming principles. It is internally well "commented." Its flexibility is
obtained through use of a set of specially defined commands comparable with
DYNFLOW. Extensive use of error messages and debug options makes the code
dependable and facilitates its efficient use. Remarks made regarding the
programming of the DYNFLOW code also apply to the DYNTRACK code. The built-in
random number generator simplifies code transfer to various host computers.

1Bear, J. (1979). Hydraulics of Groundwater. McGraw-Hill, New York, NY, pp.
239~-243.

11



In the testing performed at IGWMC, the code was able, after modification
of some of the data sets provided to make them correspond to the input format
of the latest version of the code, to simulate various simplified problems
accurately. These tests focused on the simulation of advective and dispersive
transport processes and showed that the particle tracking routines and the
mass-concentration conversions were properly programmed. The analytical
solutions used in these test problems were independently programmed and
implemented at IGWMC, except for the one in case V.

The six tests performed independently by the reviewer cover four cases
presented by the authors of DYNTRACK in the code's documentation. These tests
are: ,

(1) :COM case I— Convection and dispersion in one dimension

Contaminant slug transport (SLUGlD-data)

(2) :CDM case II(a)— Convection and dispersion in two dimensions
Slug source (SLUG2D-data)

(3) :CDM case II(b)— Convection and dispersion in two dimensions
Continuous source (CONT2D-data)

(4) :CDM case IllI— Convection and dispersion in three dimensions
Slug source (SLUG3D-data)

(5) :CDM case V(a)— Two-well pulse test
Orthogonal girid (DOUB1T-data)

(6) :CDM case V(b)— Two-well pulse test
Bipolar grid (DOUBL3-data)

The tests (1) through (4) were carried out using the “SOLUTE" package of
analytical solution developed at IGWMC. The results of the analytical simu-
lations were compared with the results the reviewer obtained from the DYNTRACK
runs on the IGWMC computer system (see appendix).
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Tests (5) and (6) were carried out by reviewing the theory as documented
by Gelhar? and comparing it with the results provided by CDM as well as with
the reviewer's own DYNTRACK simulations (see appendix). These last two tests
clearly demonstrate inaccuracies and instabilities which might occur in
simulation of extreme hydraulic situations. It is not clear whether these
instabilities are a result of the method (e.g., random noise at low concen-
trations), or a result of grid design (1imitation on directions of release of
contaminants from source). The case with the octagonal grid (5) shows a close
fit between theoretical and numerical results. This is clearly less the case
with the orthogonal grid. The shift between values computed at IGWMC. and at
COM is probably the result of differences in data sets used.

During the testing it became apparent that proficiency with the theo-
retical concepts and the structure of the code is prerequisite for a correct
representation of the simulated problems in the code's data sets. Thorough
understanding of the analogous character of the modeling method used in
DYNTRACK is necessary for optimal use of the various options of the code and
for adequate interpretation of the simulation results.

Documentation

The latest version of the DYNTRACK documentation contains much of the
information necessary to understand the principles on which the model is
based. It also contains extensive user's instructions regarding the input
data for the computer code. However, the section describing the computer code
itself is brief. Because the computer code is not included in the documenta-
tion, evaluation of the code structure is not possible. Additional flowcharts
and an extended discussion of the subroutines, including the pre- and postsim-
ulation processors, are necessary for such an evaluation.

The verification tests provided in the code documentation are incomplete;
little mention is made as to how, or from where, analytical solutions have
been obtained, nor does the manual explain how the tests were performed. In
some of the test cases, smoothing (moving average, contouring) has been used

2Gelhar, L. (1982). Analysis of two-well tracer tests with a pulse input.
RwH-Bw-CR-1318, Rockwell International, Hanford, WA.
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to represent the results. The effect of such techniques on the accuracy of
the results has not been reported by the DYNTRACK authors.

The application sections (modeling strategies and examples) in the user's
manual were not included in the version reviewed. Such sections should con-
tain instructions on how to design grids, how to introduce particles, how many
particles should be used, how to incorporate boundary conditions (concentra-
tions, solute fluxes), and so forth, and should discuss the relationship

between grid design and model accuracy.
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APPENDIX

DYNTRACK Test Runs

The results of the DYNTRACK test runs are presented without smoothing or
averaging, except in those cases where vertical averaging is mandatory (one-
and two-dimensional cases). The test runs were performed using 2,000
particles. Improvement in accuracies is expected when using a larger number
cf particles (e.g., 10,000).
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TOTAL MASE INJECTED..ccevvcescnanas
DARCY VELOCITY. ieveeiceesesacnsaaas

EFFECTIVE FORGOSITY.eveoensssonvanaat « 25
LONSITUDINAL DISFERSIVITY.veeovnaast 0.30 m
CECAY CONSTANT (lambda&)eeeeesssceaocat 0.00 1/d
DISTANCE INCREMENT DELX.ecceeoneoadt 1.00 m
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SLUG INJECTION IN TWO-DIMENSIONAL UNIFORM FLOW

MODEL: SLUG.EBAS
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USER: F.k.M. van der Hei jde

LOCATION: IGWMC Indianapolis

DATE: February 10, 1985

INFUT DATA:

TOTAL SOLUTE MASS INJECTED.ecscacecves 25.00 kg

DARCY VELOCITY. . veeeeconeooorascnneanet 0.25 m/d
EFFECTIVE FOROSITY:.eceeenoocccoccanaast .25
LONGITUDINAL DISFERSIVITY.eecesoecooass 0.30 m
LATERAL DISFERSIVITY:eeescoooocnaanesst 0.10 m
ACUIFER THICKNESS, cvveeeencoancoanocaat 1.00 m
X-COORDINATE OF THE GRID ORIGIN.....e.: 0.00 m
Y-COORDINATE OF THE GRID ORIGIN.......: 0.00 m
DISTANCE INCREMENT DELXuecoeocecaccesal 1.00 m -
DISTANCE INCREMENT DELY..eceecocaesesas 1.00 m
NUMEBER OF NODES IN X~DIRECTION....eee.: 10

NUMEER OF NODES IN Y-DIRECTION. ..coce.3 5

TIME. . eeeeecoosouaonaasnaaancscascnaceast 4.00 d
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Dwwn TRQ (K 3.0 L 9 c.7 3.0 2.0
.00 ™M .y (.0 .$ .3 . 8
Ralddie 15,00 m 16.00 m 17.00 m 18.00 m 19.00 m
0,00 m 2131.7970 1953.3780 1745. 4840 1509. 9860 1255.7210
1.00 m 1791.5130 1656. 0330 1490. 3350 1296. 6700 1087, 2850
2.00 m 1059. 2850 1017.4140 930.7179 823.1512 &96. 8230
.00 m 460. 3555 453. 0024 429, 0032 38B.9927 IT5. 9920
4,00 m 146.0920 150.4159 147.852S 138.2073 122.3755
Dyn1 ik
1
0.00 m s -1 .5 ©.9
Lovm s 1.0 Ly .

Pﬁr "I'G'l Ll 2T

0125
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SLUGID Aata

FRAR AR RN R RRR R RRRERRERR RN FRRR XA R RERNSREN
SLUG INJECTION TN THREE-DIMENSIONAL.UNIFORM FLOW

MODEL: SLUGZD.EBAS

EEEE
¥ ¥ %X % %

REUE AN TR RN RAEAE RN RSB AR AR AR TR ERERRRERRFRANSER RN

USER: F.t.eMe van der Heil)j)de

LOCATION: IGWMC Indianapolis

DATE: February 10, 1985

INFUT DARTA:

TOTAL SOLUTE MASS INJECTED..sccescees? 25.00 ka

DARCY VELDCITY., eceteccncacsesnsacsocsal C.25 m/d
EFFECTIVE FORDEITY . ceeeveacsnsssanennsnst e 29
LONGITUDINAL DISFEREIVITYeeeecacreasnat 0. 30 m
LATERAL DISFERSIVITY.cviecnesensosnacnsel 0.10m
VERTICAL DISFEREIVITY . v eeensesscnsnnst Q.OF m
DECAY CONETANT (lambda)eceaccecsssasanst Q 1/d
DISTANCE INCREMENT DELX. eeeceoosveonatl 1.00 m
DISTANCE INCREMENT DELY.voeeooseovesrast 1.00 m
DISTANCE JHCREMENT DELZ.cevecscanncnst 1.00m
NUMEBER OF NODES IN X-DIRECTION....oce 1%

HUMEER OF NODES IN Y-DIRECTION.......: 6

NUMEBER OF NODES IN Z-DIRECTION.......t S

TIME. o eeaeeeesscsacacsacscseassnncscsnnnsassl 8.00 d

A-13
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ERRTEFRTRER RPN RRRERB ARt ER A ntindt RESULTS #HE Ntttk bt E R Rttt bttt tt

CONCENTRATION in mg/1 (ppm)

X-direction douwcs v fo,o,o] N

0, OO0
1,00
2.00
.00
4,00

S OO

),
1,00
e 10
T. 0
4., O

&G

Oy OO
1.00
Z .00
R ¥ T
4,00

Sl GO

3333

3

0.00 m

4,465102
23729
1.3209
0, 27&9
O, 0311
O, 0019

S.00 m

1418, £280
1027.8900
406.447B
85.19S2
Q.55&8
0.5740

10,00 m

2I8E. 1610
1747.21&60
£84.21948
142, 4202
16.0917Z

0. 9844

1.00 m

21.9942
1£.0913
b.2014
1.2209
0.1482
0. 00ee

6.00 m

Z2BB. 1610
1747.2160
6B84.219¢&
147=,4202
16.09173
0.9564

11.60 m

1418. 6280
10327 .8900
40&.4478
B85.1952
9.55848
0.S740

2.00 m

BS. 19353
62,3302
24.408€
S.1164
0.35740
C.0Z45

7.00 m

I264.2290

A-14

2I88. 1610
PTE.2172
19&6.0222

21.9942

1.3209

12,00 m

684,219
S00.58%7
1946.0322
41.090&
§4.,6102
Q.27&9

S.00 m

2567.94473
196.0322
76.7&73
16.091%
1.80%4
0.1084

8.00 m

J622.5870
2650, 24560
1037.8900
217.55%
24.4088
1.4459

12.00 m

257.9447
196. 0322
76.767%
16. 0617
1.8054
0. 1084

4.00 m

&64.219¢
SO0,S857
195.0222
41,0905
4.6102
0.27&%

.00 m

TI88,2250
2388.1610
3S.2172
19,0722
21.994%
1.7209

14, O

85.19SC
&2, 7702
24.4088
S.11&64
D.S5740G

0. 0749

2y |



L

W NN ENE RKESULTS 95549 5 33 3 3 3 3 3 3 3 3% 9% 96 o % 3 9% 9 3% 3% 4

o ————— » X=-direction CONCENTRATION in mg/) (ppm)

000 m 1.00 m 2.00 m .00 m

0,00 m 0.0311 0.1482 0.5740 1.8054
1,00 m 0.0227 0.1084 0.4200 1.3209
2.00 m 0. 0089 0.0425 0.1645 0.,5173
F.00 0m 0.0019 0. 00e9 0.03Z45 0.1084
4.30 m 0. 0002 0. 0010 0.0039 0.0122
S.00 m Q. 0000 0. 0000 Q. 0002 O, 0007
S.00 m 6.00 m 7.00 m B8.00 m

GO0 m - ©.55E6 16.0913 21.9942 24.4088L
1.0 m 6.993% 11,7726 16.0913 17.8579
Jo o om 2.7386 4.6102 &.2014 6.99352
J.00 0m 0.5740 0.9664 1.3209 1.4659
4,050 m 0.0644 0.1084 0.14B2 0.1£45%5
S0 m 0.00ZF 0. 0065 0. 0089 0,009
g 10,00 m 11.00 m 12.00 m 12.00 m
Qa0 m 16.0391% ?.5586 4.6102 1.8054
1.00 m 11.7726 6.9933 T.3729 1.2209
U0 m 4.6102 2.7386 1.3209 0.S17Z
.0 om 0.9664 0.5740 <2769 0. 1084
4,00 m ©0.1084 0.0644 0.0311 0.0122
.00 m 0.0065 0. 0039 0.0019 0. 0007

A-16
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- - - -

HERREFRFEERERRERREFEEEREERNRASRREN KESUL TS ot R A ERRRRRERE SRR R AT EERN Rt R st

Q, 00
1.00
2.00
2000
4,00

€. O

Cr, 0
1.00
2,00
STy
4, O

SOl

Oy OO
.00
e OO
RN ETH)
4,00

S 00

X—-direction

333333

m
m
frn

m

Q.00 m

1.3209
0.96&4
0.2784
0. 07932
0. 0089
O, 0008

S.00 m

4G6£.4487E
297 .3&08&
116.44R1
24.40E8
2.738e
0.15645%5

10,00 m

684.2194
S, SBS7
156,0322
41.0906
4.&10%
0.2769

1,00 m

6.3014
4,6102
1.8054
0.3784
0.0425
0. 0025

&. 00 m

£84.2196
S00.S8S7
196. 0222
41,0506
84,6102
0.27&9

13.00 m

406,.4478
297 .3&06
116.4481
24,4088
2.7286
0. 1645

CONCENTRATION in

A-15

mg/1

2.00 m

24.4088
17.8579
6.9933
1.44659
0.14645
G. Q099

7.00 m

9T5.2172
684.2196
267.944%
Sé. 1641
6.3014
0.3784

12.00 m

196. 0322
147,420
U6.1642
11.7726
1.3209
0. 0793

(ppm)

J.00m

76.7672
S56.1642
21.994=
4.6102
0.51732
0. 0Z11

B.00 m

1037.8%00
759.3368

297.3608
62,7302

6. 9537

Q8200

.00 m

76.7677
56.1642
21.994z
4,6102
0.S173

0.0311

4.00 m

156, GooT
142, 4202
S&. 1832
11.772¢6
1.32209
G.0753

.00 m

- Sy M
atvte el Sl

&84.219&
267.9447
S&.1641
&.2014
. 3754

14,00

ca.400%
17.8575
6.9977
1.4659
G, 1£4%



*hy

W NN NI RN NN NN ANt RESULTS 6909000 4690 0096 36 30 3 3 360 3 33 5 i 30 334 36360 3 0432 o

O 3D
1.00
2.00
T 00
4,00

00

Q. 00
1.0
2. 00
SeinD
4. 00

S 0O

0, 00D
1.00
2,00
Ta Q0
G .0

500

X-direction

3

m
m

m

m

0.00 m

Q, QOO0
Q0. OOO0
Q. 0000
0. 0000

O, OO00
0, OO00

S.00 m

Q. O0G0
0.0000
Q. OOOO0
0. 0000
0, 0000

0O, QOO0

10,00 m

Q. 0000
0. 0000
Q. 0000
Q. QOO0
Q. 0000
Q. 0O00

CONCENTRATION in mg/1 (ppm)

1.00m

0. 0000
0. 0000
0, 0000
0. 0000
0. 0000
0. Q000

6.00 m

0. 0000
0. 0000
Q. OO00
0. QOO0
Q. O0QO0
0, 0000

11.00 m

Q. 0000
Qo QOO0
0. 0000
QL. 0000
Q. 0000
0. 0000

A-18

0, 0000
Q. C)CnC)O
0. 0000
Q. 0000

7.00 m

0, 0000
0.0000
0, 0000
0.0000
0. 0000
0.0000

12.00 m

0.0000
0.0000
Q. 0000
0. 0000
0.0000
0. 0000

SLUgs3I o Jo.h

Z2.00 m

Q. 0000
0. 0000
0. QOO0
O 0000
0. 0000
QL0000

B.OO m

0. GOOO
0. 0000
0. QOO0
e QOO0
0. 0000
0, QOO0

13.00 m

0, 0DOHO
Q. QDO
O, Q000
Q0000
Q. Q000
Qe QOO0

4.00 m

Q. OO0
1y QOGO
Q. 0OO0O0
O, QOO
0, OOOO0

QL OO0

.00 m

Cig CGOOG
Q0000
O, OO
QL QOO0
O, OO00
Q. OO0

14.00 m

0. D00

0y QOO

Q. QOO0
0, QOO
0. QOO0
G, QOO0

..



. JLUGID dete
PR NN RN RN ENREN TRt N tE RESULTS #0500 030 03 30 ot 0 36 3 0 5 5696 3 95 9 99 9699 96 0 % 3 &

+—=e=== X-direction CONCENTRATION in mg/l1 (ppm)
:
v Y
Z= 2 m .
O.00 m 1.00 m 2.00 m S.00 m 4.00 m
Q.00 m 0, 0000 0, 0003 0. 0011 0.002S O, O08%
1.00 m 0. ODOHD 0. 0002 Q. 0008 0.002% G, 0085
2.00 m 0. 0000 O, 0000 0. 0003 00025
TZ.00 m 0. 0000 Cra QOO0 Q. ) Gy OOONS
4.00 m Qe QOO0 0. 0000 QL0000 0. OO0
S.00 m Q. 0000 0. 0000 Q. 00600 1. DOOO

SO0 m &.00 m 7.00 m B.0D m Q.00 m
CG.OO  m 0. 0185 0.0Z11 0, 0425 0.0471 0. 0425
1.00 m 0.01328 0,0227 0.0311 Q.0345 O, 0711
.0 om QL. 0O0ST 0. 0089 0, 0122 0.0135 C.0122
T.00  m 0. 0011 Q. 0019 0., 0025 0,002 O, OGRS
4.0, m O OO0 0. 0002 0. 0003 0. 0007 oy OO0
PN m O, O000 D, QOO0 O OO0O0 QL0000 O e OICH30)

10,00 m 11.00 m 2.00 m 12.00 m 14, 00

& [}
.00 m 0,0711 0.018% 0. 009 0,008 O.0011
1.00 m 0. 022 0.0135 0, 0065 0, 0025 " 0. 0008
.00 m 0. Q089 0.0053 0. 0025 0,.0010 0, 0007
L0 0m Ci, OO19 0.0011 O, Q005 Q. 0002
§, 00 m Qe QOOT . O 0001 Q. 0000 Q. QOOO
E.00 m Q0 GOOG 0. Q000 Cre QOO0 0, OQ00

A-17



NGOE NUMEERS NODAL COOKLINATES

- et

B S R S

INT. EXT. X Y

1 0.00000000 1¢.00CC000
2 1.00000000 10.00000C0
3 2.00000C¢00 10.0600G000
4 3.00030CGQ0 10.0000000
S 4.0{200000 10.46000C3
o $.00000200C 10.0000000
7 6.00000020 1O 000000
B 7.000{2000 10,.0C0CE00
T 150000000

LeO00C

LA Q O NG AD WOV NG D WL

[ A BN P P S e B I

W b b D
T

<

46
47
48
49
=1

2.000000090
1.00CGC0000
2.00000000
3.00000000
4.02000000
2.00000000
6.00350000
7.000000090

A-20

€.00000000
8.00000000
8.0000C000
8.00000000
8.00000000
8.00000000
8.000000C(:D
8.00000000

12 12.6000000 GO0 00
is 13.2000000 10.080C 00
P 29 14.000C000 1o . CO0ag{(
16 i6 15.000000C 10.00000 .7
17 17 16.00.:CCC0 10.0CC2000
TE 15 17.0000000 10.0000000
= 19 18.0(DC0000 10.0500GC0
a0 20 19.0200000 10.000000¢
=1 21 29.0012000 10.0000000
oo 2 0.0020000. QL0000 0000
Z: 22 1,.00000000 S.0000C0000
Za 24 2.005CGC000 9.0003C000
I ORI e v R e eXe ko)

oyt 2¢ 4.050300C0

=7 S7 T.00000000

o 22 G.O00C0000

s 3T 7.0I400000

22 3¢ BLCLE0000y :

i 31 ©.00000000C 9.0000C520
33 32 10.03500000 9.¢00006009
33 33 11.C000C%0 92.00000¢20
34 35 12.0000000 9.0000000C
ch 2% 13.000C000 9.000G00CO
S 36 14.0900000 9000060000
27 37 15.0000C0C $.00000000
3 28 16.0000000 9.00000000
2 37 17.0000060 9.000G60000
4 49 18.0000000C 9.00200000
4 41 19.0000000 2.00000000
4 42 20.00400600 9.00000000
4

4



NQOE NUMEERS

N G —

LLARE o(s BN S

-

Bt b fod ped Bed B il
TR T ) S G LT g ha e o

r o ®

~IG: T

1y

LI ORI PR PR PV RS I BN OO SR T O U NI SR RE IR AN 2L B I 3 BN

R LA (ISR TR SR I S

v

TN S PO I
=

EXT. X

e F I 3t Ittt R+ F F ¥ T P

3G

[ IE A3

[

U S R i ) b

Lat I

DWW OO WO LILIE R YD U EI s B3ty bt g v b 2o
RS RN B S S B 3V S

O W

DD DS
o> L) 1 e

(4]

£ b D
(1o BN W )]

49
S0

0.00000000
1.00000000
2.000200090
3.00050G00
4.0{.200000
S5.00000000
6.0000000C
7.,0000GCG0C

L S

10,6050
11,0553, 70
12.0000500
13.5000000
14.0000087
15.020000¢
16.00.0000
17.0003000
18.0L0000D
19.0720000
Z0.0003000
2.0030000.
100000060

2.0050¢2000

SL0I000000
405000000
T, 00000000
6.00EC0I00
TL0ILC0000
B.CLT0000

©.0000200C
10.0400000
11.0000C%0
12.000C0C0
13.0000G00
14.0900000
15.0000C0¢C
16.0000000
17.0000000
18.000000¢
19.0000000
20.0054060C0
©.00000000
1.00CG40000
2.00000000
3.00090000
4.02000000
$.00000000
6.00350000
7.00000000
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NODAL COQKLINATES

1C.00CG000
10.00000C0
10.06006¢000
10.0000000
10, 85000CE
10.0000000

L0 DR LG00
10.000C0
14.¢00¢
1C0.QC0aGCy
1000220000

1G.003800C

13.0000000
10.000C.00
10, 0000000

10.00000. 7
10.0CCD000
10.0000000
10, 0000000
20.000 0000
DLQO0CO0T O
¢

-------

9.0000C520
9.00000000
2.00000G20
9.00000GCC
9.CG0Q0CQ
9.00000000
9.00000000
9.00000000
9.00050000
2.00000000
9.00000000
€.00000000
8.00000000
8.00000000
8.00000000
8.00000000
8.0000000C
£.000000::)
8.00000000

-


http://10.OOOC.00

MOLE
Iny.

s et Pt ot Nt e Pt s (e
S AN NG LT

o o B LY s WG D
tJ

bt e
[N T N
(SN T 2 ]

146
147
148
14¢%
150

NODAL COORDINATES

Y

T+ 3 1 2 F 2t 2 2 A s X X L - R % 2 0

NUMEEERS

Ex»T.

101 15.0002000
102 17.000C000
I0F 18.¢000000
104 19,.000507%9
105 20.00{.C00
106 0.0Q00000D
167 1,097

110 4

111 S,.000u000C0
112 L0020 L0
1.3 TLQC0U00CT
114 z.00002000
118 9.00CCC0C0
1i6 212.0500000
217 1:2.0000000
122 12.0002000
LT IZLe0L0000
o 24.,0000008
121 1%.0020000
122 16.0000000

23 17.0049000
124 12.4085000
123 19.00000060
125 20.08600000
127 ¢.000C00C
122 1.000C¢0000
122 2.0000CG000
230 3.0000(900
131 2,00000000
132 5.00¢000000
133 6.0%000000
134 7.00C04003
132 6.06000000
126 2.00000000
157 16.0000000
138 11.90080000
139 12.0000G00C
140 13.0000000
141 14.00000C0
142 12.00000290
142 15.0000000
144 17.0000000
145 16.0000000
146 19.0000000
147 20.0000000
148 0,00000000
149 1.000000600
150 2.90000000
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6.00006000
6.00000000
6.05CC20200
6.00000000
6.00000000
T.00000000

I A
v

Lhen
. [
<

(o]

-----

LO0TO0CETO

O
000CGI0D
GOO0C0S0
¢o200000

et en 1 en

5.00009000
£ 00000000
§.INGEA000
5.00000000
5.60000000¢
5.00000020
5.00000G00

n

" G000 0000

2.0000C000
4.000006600
4.000C0000
4.000000C
4.00000000
4.00000C000
4.00000000
4.00000000
4.050000600
4.00000000
4.00000000
4.000¢C0000
4.00002000
4.000000C0
4.00000000
4.00005000
4.000000G2
4.00000000
4.000000C0
4.00000000
4.00000000
4.00000000
3.00000000
3.000000¢00
3.00000000



e

to

DR AL &) B Ao B IO AL &+
NPGY LT

oo

Gy S ey moen
Peodur LY - 0

Ll i

TR

o

1ot
SR

EXT. X

51 8.00000000
L2 9.00000000
52 10.00000C0
54 11.C0000000
5 12.0000000
S6 13.0000000
ST 14.0GL0000
523 15.000000C
99 16.0000000
GO 17 00500000
61 1E.0000C10
62 17.Cu0d00C
€2 20.1500000
6GA CLCLOQ0LCD
L—I

IR IEN RN IR TN

] ~1 \)
2O D 0 N T e WY e T e

mo Nt~

100000000
200000000
2.0000C000
4., :_.000(‘_.-.:..:-0

- v

10,00C00000
1:2.0000000
1Z2.0000C000
13.0000000
14.0000200
13.0000000
1€.000CC00
17.0000000
18.0004000
19.0000000
z0.0000000
0.00000000
1.00050020
2.00000000
3.00000000
4.00000060
5.00000200
7.0000000C
8.00000000
9.¢00000090
16.04000000
11.000000°
12.0300000
13.0000000
14.0000000
15.¢200000

A-21

£.000600000
£.00006C00
8.0000000C
8.00000000
B.0C2000C00
£.CU000000
B.0(500000
£.000000070
§.00000000
B.CLO00000
B.OQCCOHU0
£.0C 20000
£.0GL0000C0
L0000y
L 00030000
7.00000000
7.00000000
7.00020000
7.00000000
7.00000000
7.000G5C00
7.00C00000
7.00000000
TL00CH0000
7.00000000
7.000000C0
7.00000000
7.00000000
7.00000000
7.00060000
7.00000000
7.000:0000
7.00000000
7.00000000
£.00000C00
6.00300000
6.00000000
6.00000000
6.000000C0
6.00000000
6.00000000
6.00000000
6.00000000
5.00CC2000
6.00000200
6.00000000
6.0000000C
6.00000000
6.00000000
6.00000000

1

e



NZDE NUMBEERS NZLAL CUCEDINATES

cO0QCOCT 1.00000000

201 11
202 1Z.000000C 1.02200000
203 13.0000000 1.00602000
204 14.0002220 1.90000006069
205 13,.025000¢C 1.00000000
206 16.0070000 1.00000000
- 207 ' 1.00000000
= 208 18.00%304000 1,00000000
— 203 19.002308C0 1.6¢00050.50

210 20.00G002000 1.0000000¢C

G.COO0D0I0SE+0D

SLS C.00000OI0CE+QO
P : CoQCOCIDOCTE+DQ
Zi4 o ONE 0.CC0000002E+GO
Slc 218 £,00000020 0.00002000CE+00
<15 216 S.00050040 0.0000COC00E+0O
Jiv 217 G.000Q0C00 0.00020CCI0CE+S0
Tl 212 7.00000000 C.0C00000000E+QQ
219 219 E.0QLDOOGG 0.00000000C0E400
opel) 220 ©.00000000 O.00CRL00C0Q0E+CD
z2l 221 1¢.0200000 0.0C000000C0E+0D
AP 2ZE 11.00G00C0 C.00000QQ0CE+GQ
223 223 12.0002200 0.0000C002CE+OQ
224 224 13.000000¢ 0.0000000Q0IE+QD
2:o8 225 1<£.0400000 0.0000C00C00E+OC

206 226 15.0000000 0.000000LCCE+0D
=27 227 16.0000CC0 0.C0000CCCGOE+0Q
228 228 17.0000000 0.C000002000E+00

2z 229 18.0000000 0.00000CL00E+00
Je3V] 230 19.0000000 0.00CCOCQ000E+CO
251 231 20.0G000090 0.00000000CE+0Q
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NOL'E NUMEEES
INT.
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NO S ) ) e

—— e b
DG N
m

199
Z00
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0
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RV BN IR NS §

(22 B8 BTN AR S I IR SV
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AR B BN )
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LI R S S S = )

3 M 01D e

T

()

—
-

2.000000900Q
4.09000¢000
S.00020000
C.000L30000
7.0000600¢
8.00000300
9.00000000
10, 0000700

12.000CC00
13.0¢00000
Ll ’) Py .:: Al

nf- Ik

000000
L0000
NI
L0006000
GoCnos

000730

AR
L

] N i
.

\r.‘\|..ln|vo..a’_||:
(]

4 ¢

C L G0
000
.GwOuOOGJ
OO0 L0
LO00000

m

CLCI000000
13,8200000
I1,.00C0000
12.0000000
I2.00600000
14.0000000

15.000000C
1I6.0000000
7.000¢¢¢
1/ QOO0 0
le'\(oooﬁ

_‘_n( (“"
20.0000000
O- h.'_. ;_’n(\ool'l

1.00500000
2. Q00000L0
3.0000000C
4.00002000C
2.0000G000
¢.00000000
7.00000000
8.00006000
9.00200000
10.G0CZ000
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NOD'AL COOEDINATES

2.00000000
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SECTION 2

MODEL FORMULATION

2.1 General Introduction

One form of the governing equations for three-dimensional ground water flow is [Bear, 1972):

oH _ a(, 9H 9 (,r OH a(, aH
—_— = K—|+ —K—| + —|K,— 2-1)
Svar Ta;( 'ax) i ay( 'ay) az( ‘az)
Where H represents the piezometric head; K,, K,, and K, represent the hydraulic conductivity in
the principal orthogonal coordinate directions: S, is the specific storativity; and t is time.

H has the units of length (L), x, y, z have units of length, K, , K, K, have units of length per unit
time (L/T). Hydraulic conductivity can also be described as a flow per unit area [(L%/T)/L? which
reduces to L/T]. The time, t, has units of time (T). The specific storativity has units of (/L) and can
be described as the volume of water released (or stored) per unit volume of aquifer per unit change
in head [(L*/L%)/L which reduces to 1/L].

Equation (2-1) results directly from the generalized Darcy equation:

Q= - %’ D (=1.23) 2-2)
J
and the continuity equation: aq "
! d .
—— = —s Rt ; =1' » 2'3
% o (~-1,2,3) (2-3)

in the case of equation (2-1), k; =0 fori=j.

Many methods of solving this equation exist. The finite element method, which is used by the
method described in this manual, provides a general solution that offers variable boundary
conditions, aquifer properties and geometry. It has proven to be a robust and flexible method with
a wide range of applications.
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Applications of the finite element method involves the following steps:

a) Divide the region under consideration into a finite number of discrete sub-regions
(elements) with simple geometries (e.g., prism, tetrahedra, prismoids).

b) Assume the manner in which the piezometric head, H, can vary throughout each
element (i.e., linear variation, quadratic variation, etc.).

c) Based on the eiement geometry, and on the assumption of the head variation,
write linear (local) equations for nodal point fiux in terms of the piezometric head
at the nodes defining the element.

d Assemble the local equations for each element into a global system of jinear
equations, assuming continuity of heads from one element to the next.

€) Solve the global system of equations for the unknown piezometric head or fiux at
each node.

22 Structure of the Finite Element Equations
The global system of finite element equations can be written in the form:

Q=S§,H, (2-4)

Q, = the nodal point flux,
H, = the nodal point head, and
S, = the coefficient matrix relating the two.

Furthermore, it can be shown that equations developed by other numerical techniques such as the
finite difference method or integrated finite difference method have the same general form. Only
the values of the coefficient matrix terms will differ from case to case. Therefore the following
discussion is generic to numerical methods in general. Details of the derivation of the finite element
equations and the comparison between the finite element equations and the finite difference
equations are presented in Appendix A.
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Consider the simplest level of discretization, that of one element as shown below.

3

®

Single Element

The element is triangular and is numbered 1. There are three nodes, one at each corner. The
three nodes are sufficient to uniquely define a plane, and thus the head can be defined over the
element in terms of nodal point heads (H) if it is assumed that the head variation is linear (the
gradient is constant).

The gradient can be determined from the nodal point heads, and once the gradient is found, the
specific discharge (Darcy velocity) can be found by the Darcy Equation (2-2). Integrating the
specific discharge over the portions of the boundary contributing to each node results in
expressions for nodal point flux Q, in terms of nodal point head.

A natural conclusion from the equation is that the only way in which flow can enter the element is
via the nodes as a node point flux. The equations do not represent flux across the boundary.

The finite element equations represent a series of linear simuitaneous equations in this form:
Q'=S,'"H,+8,,'*H,+S,,' ' H,
Q' =8,' ‘H,+S,' *H,+S;' " H, (2-5)
Q' =8S,;," ‘H,+Sy' "H,+8S;,' -H,

These equations can be solved if and only if either the head or the flux is known in each equation.
That is, at any node either the head or the flux must be specified, otherwise there will be too many
unknowns, or the problem will be over-specified with too many equations.

implications of Boundary Conditions

Spacification of the head a a node is called a first-type, or Dirichlet, boundary cordition.
Specification of the flux at a node is called a second type, or Neumann, boundary condition.
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» Assembly

Consider a two-element grid.

0,
@

4 2

Finite element equations can be written for both elements indiv_idually. Adding both sets of
equations results in a new set of assembled simultaneous equation as follows:

Q'+ Q¥=(S,,'+S,) H, + (S, +5,;9) *H, +S,,' ‘H, +8,2-H,

Q'+ Q=(S,"'+S,)- H, + (S  +S3) *H,+8,' -H, +8,7-H,
Q'= . (Su) - H, + (Sg)-H,+S,' -H, (2-6)
042 = (Suz) ) H, + (sazz) * Hz + 3“2 *H,

4

There are four equations with four unknowns, and again either the head or the fiux is specified at
each node. There will always be only one equation for each node in the assembled equations.

Note first that there are no terms relating the flux at node 4 to the head at node 3 and vice versa.
This is because there are no elements directly connecting these nodes. Thus, unless two nodes
are connected, the S, terms will be zero. If they are connected, the S, terms will be the sum of the
individual terms from each element which connects them. In the example given, for nodes 1 and
2, there are two elements ( 1 and 2 ), while for nodes 2 and 3 there is only one element ( 1 ).
Thus, for a complex system of discretization, the Coefficient Matrix, S,, will be sparsely populated
and will, in general, be banded, that is all terms beyond the maximum node number difference in
any element will be zero. This latter feature of the equations is used to develop efficient solving
routines for large matrices.

DYNFLOW Version 5 - 4/22/94 Page: 2-4



U,

“L‘ '

Nature of Fluxes

The net nodal point flux will be the sum of the individual element contributions. Thus, the nodal
point fiux at node 1 will be the sum of the contributions from elements 1 and 2. If for the simple
two-element system described above, there is no externally applied flux and the head is unknown,
the net flux will be zero. That is, the flux out of element 1 through node 1 will equal the flux into
element 2 through node 1 or vice versa depending on the direction of flow. For complex systems,
this would be the moast common situation and therefore, a second-type boundary with a fiux of zero
is the default boundary condition at each node. This is typical for most finite element and finite

difference codes.

The nodal point flux can be the sum of several different fluxes. For instance, it can include
recharge, Q,, storage flux, Q,, pumping fiux, Q,, and many others.

Q=Q,+Q,+Q, (2-7

Many codes, including DYNFLOW, permit specification of recharge as a unit flux. However no
code, finite element or finite difference, can use such a flux directly in the equations.

in DYNFLOW for instance, the recharge flux for a given element is multiplied by one third of the
plan area of each element and added as a nodal point fiux to each of the appropriate nodal
equations. Similar computations are made in all numerical codes.

Evaporation terms are tabulated in the same manner as recharge terms.

The storage filux term would be included only in transient cases. The storage flux is the
instantaneous storage flux at the time being simulated, and transient simulations are actually a
series of steady state simulations (or snap shots of the system) with varying storage fluxes at each
time. The storage fiux will in general be a function of both the head at the previous time step and
the current time. At any node where the current head is unknown, the storage flux term must be
broken up, with the known portion remaining on the left and the unknown portion added to the
appropriate S, terms on the right.
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Preservation of Mass

For groundwater fiow in general, the simplest of all cases is that of no flow, that is, all heads are
equal. Considering the single element equations originally introduced, this case results in the
following:

Q,=(S,+S,;,+S,) - H
Q,=(5,,+S,+S, H (2-8)
Q,=(S;,+S,+ S,y *H

Where H,= H, = H; = H. Since there is no flow, Q, = Q, = Q, = 0. Therefore the sum of the
coefficient matrix rows (S,, + S,, + S,; etc.) must also sum to zero. If indeed the coefficient matrix
terms in each row sum to zero, then each nodal point flux equals zero and the case is correctly
represented.

it can be shown that each column of the coefficient matrix sums to zero since the integration for
nodal point fluxes, when taken together, is simply the integration of a scaler around the boundary
of the element. Therefore, the limits of the integration are the same points, and the definite integral
will be zero.

It can also be shown that the coefficient matrix is symmetric; that is S, =S,. The physical
implication of this feature is that the influence of a unit flux at node i on the head at node j is the
same as the influence of a unit flux at node j on the head at node i. This is to be expected for a
linear system. As a consequence of symmetry, all rows in the coefficient matrix will also sum to
zero, thus meeting the requirements for the simplest case noted above.

In general, the criteria that the coefficient matrix sums to zero is the guarantee that the method
preserves mass. Mass is preserved, therefore, in terms of nodal point flux; nodal point fiux is the
only flux computed by the finite element (or finite difference) method which is consistent with the
derivation.

Existence of Solution

Since the matrix sums to zero, its determinant will also be zero. Therefore, the matrix cannot be
inverted. However, the matrix must be inverted in one fashion or another to solve the linear
system of equations. The physical implication of this feature are as follows. Consider the single
element as before, and assume that fiuxes are applied at each node such that, in preserving mass,
Q, + Q, + Q, = 0 Since we are dealing with a linear system of equations, any set of heads, H,
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which produce the required gradient for these fiuxes is a solution to the equations. Therefore there
is no unique solution in this case.

To obtain a unique solution, at least one value of head must be specified. In doing so, the
equations will be altered as follows:
(assuming H, is specified)

Q, =S, H, +S,;H,+S,, H,
Q, =S, H, +SxH,+S, H, (2-9)
H, = -(S,,/Ss) H, - (82/S;) H, + Q/S,,

with all known values of the equations now on the left side. New coefficients now appear in the
third row of the equations which cause the matrix columns to no longer sum to zero, which
eliminates symmetry (assuming that S,, does not equal -1.0). It can be shown that the diagonal
coefficient terms must always be greater than zero for any real problem. To be negative, the
volume or the hydraulic conductivity would have to be less than zero.

Thus to solve the equations, at least one value of head must be specified. This is true for any
equilibrium solution and any transient case where explicit storage flux terms are used (i.e. storage
fiux at previous time steps).

For the transient case where implicit or trapezoidal storage fiuxes are used, coefficients of the
current head will be added to the coefficient matrix terms, and thus the matrix will no longer sum
to zero. Viewed another way, the heads at the previous time step serve the same function as first
type boundaries in this case.

Non-Linear Case

Whenever a phreatic surface occurs, the equations become non-linear: that is, the coordinates on
the upper boundary are a function of the head. In three dimensions, there is a geometric
non-linearity, while for vertically integrated (2-dimensional) problems, it is a physical (or parametric)
non-linearity with the Transmissivity a function of the head. In finite element and finite difference
solutions, this non-iinearity is approximated with a series of successive linear solutions, each using
the latest computed value of head to determine the aquifer geometry. In some cases, relaxation
coefficients are used in the iteration process to hasten convergence, but in all cases, the process
is continued until some pre-set convergence tolerance is met. While in theory, a unique solution
exists for the non-linear case where only flux is known, since the non-linear case is approximated
by a series of linear cases, at least one value of head must be specified for the non-linear case
as well.

DYNFLOW Version 5 - 4/22/94 Page: 2-7



A

L

Computation of Fiuxes

Since nodal point fluxes are the only fluxes consistent with the form of the equations, use of nodal
point fluxes is the only consistent way in which to determine if a solution preserves mass. It is also
the only consistent way in which to determine fluxes across internal boundaries. Since however,
such fluxes are not explicitty computed in the solution, a second step is necessary to compute such
fluxes. The step involves partitioning the grid to provide the required boundary, use of computed
heads as input, and treating the boundaries as first-type (fixed head) boundaries. The nodal fluxes
calculated as a resuit will be the fluxes across the boundary. Details of the method are provided
in later sections of the manual.

While it might appear to be sufficient to integrate specific discharge along a boundary, such a
procedure can lead to significant mass balance errors.

These points apply equally well to finite element or finite difference methods. At this point, it is
instructive to compare the two methods to demonstrate this point. Consider first a block centered
finite difference scheme in two dimensions:

l I
_.__r__._t__._-

| .

l I
__'_..._.t.___

| I

The node is at the center of the cell, and is connected to neighboring nodes by flow links which
¢an be shown to be nothing more than one-dimensional elements. Integration of specific discharge
along a cell boundary is appropriate since the assumption of a constant specific discharge in the
one-dimensional element holds. The resuitant fiux is the flux from one node to its neighbor. The
finite element equivalent to the finite difference cell is shown below for a single node:
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The finite element cell is simply the contributory area to the node identical to the finite difference
cell. Integration of specific discharge along cell boundaries is also appropriate since, in the
formulation, the specific discharge is also constant. Again the resuitant flux is the flux from one
node to another within the element. In neither case, however, can the specific discharge be
integrated along an element boundary to determine the fiux from one element to ancther, and the
procedures described above must be used.

2.3 impiementation Aspects of DYNFLOW

The DYNFLOW code implements the simple mathematical relationships described in the previous
section for ground water fiow. Written in FORTRAN, it consists of a core computational program
and associated data processing programs. The program has the ability to simulate ground water
flow using one-, two-, and three-dimensional elements, or any combination of the three types.

Discretization

DYNFLOW discretizes a three-dimensional region in two steps: first, the horizontal plan area is
discretized by creating a grid of triangular elements. The vertices of the triangular elements (points
where muitiple elements join) are called nodes. This discretization in plan view is held constant in
the vertical direction: thus, the second step in discretization is to define the number of node
leveis/element layers in the vertical. Each element in plan view will therefore represent a series of
overlying layers with the same plan view expression but with variable thicknesses. The layers in
the vertical are defined by levels of nodes underlying the plan view nodes. The nodes within any
given level do not however have to have the same elevation. The resultant discretization is a series
of triangular prisms as shown in Figure 2-6. These are the working elements defined by the user
using the following DYNFLOW commands:

GRID Defines number of nodes, elements, nodal point coordinates in pian view,
and nodes defining each element;

LEVE(L) Defines the number of levels and layers (one less than the number of
levels);

ELEV(ation) Defines the vertical coordinate of each node/level.

Each node and element in the grid is assigned an external number which becomes the 'name’ of
the node/element which is used in addressing the node/element using DYNFLOW commands. The
node/element also will carry an internal number which is defined by the order in which the node
is input. The internal number defines the order in which the nodes appear in the coefficient matrix
(used for minimizing band width) and all data is stored in DYNFLOW by internal number. Since
there will be in general fewer levels, and because the minimum bandwidth vertically is
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Plan Node 1 - Level 4

1 LAYERS.
LEVEL 4 Elements defined by Nodes 7 - 12
P LAYER2-
LEVEL 3 | Elemonts defined by Nodes 4-9
LAYER1 -
LEVEL 2 Eiements defined by Nodes 1 -8
LEVEL 1

Plan Node 1 - Level 1

Figure 2-1: Finite Element Stack
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predetermined by the structure of the discretization, no external/internal differentiation is made for
levels.

Properties

Each element will have an assigned property set which defines the hydraulic properties which are
held constant in each element, but can vary from element to element. These properties are set with
the following commands:

MATN(umber) Sets element type and property set number.
PROP(erty) Assigns values to property sets.

The property sets are assigned an external number from zero to 99, which is the number
referenced by the MATNumber command. The property set includes the following:

Hydrautic Conductivity in the first principal direction (default = x-direction)
Hydraulic Conductivity in the second principal direction (default = y-direction)
Hydrautic Conductivity in the third principal direction (default = z-direction)
Specific storativity

Specific yield

Recharge rate (applied only at the water table)

Rotation angle of the principal directions about the z-axis

Rotation angle of the principal directions about the y-axis

Bulk specific gravity of overburden

Effective stress at which assigned properties are valid

in general, a porous medium will be represented by three-dimensional elements using the basic
working element in three dimensions (vertical triangular prism with six nodes as shown in Figure
2-2(a). Using methods presented by Huang, et al. [1979], the working element is subdivided within
the DYNFLOW code into three computational elements (tetrahedra) as shown in Figure 2-2(b).
The coefficient matrix for each tetrahedron is then computed using the working element properties
and the assumption of a constant gradient. The coefficient matrix for the tetrahedron is then
assembled into the global coefficient matrix.
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(a) - The Basic Element
(b) - The Three Tetrahedral Computational Eiements

Figure 2-2

A Three-Dimensional Working Element
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Figure 2-3: Property Averaging (WPG File: C:\dr11\avg.wpg)
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Phreatic Surface

DYNFLOW can treat phreatic, confined or mixed conditions, with the phreatic surtace occurring at
any node level, or moving between node levels in a transient case. DYNFLOW can treat only one
phreatic surface (except for specitied phreatic surfaces above the water table - see FIX and POND
commands). The phreatic surface can occur at any level in the model. The phreatic surtace is
treated as a geometric non-linearity in that the elevation of all nodes above the phreatic surface
(and below any specified head nodes) are temporarily moved vertically to the phreatic surface as
shown on figure 2-3. As noted above, specified head nodes above the phreatic surface are held
and leakage fiuxes are calculated from the specified head nodes and applied at the water tabie.
The method of calculating the leakage fiux is discussed below under boundary conditions.

Transients

in the transient case, either the trapezoidal (Crank-Nickolson) or implicit time stepping scheme can
be used, and storage terms can be lumped at nodes or distributed in one of several different ways
(see STORe command, and theoretical background in Appendix A).

Two types of storage terms can be applied, specific storativity (units 1/L) and specific yield
(dimensioniess). The storage terms for specific storativity (represented elastic storage) are
calcuiated by multiplying the tetrahedron volume times the specific storativity and distributing the
terms to the tetrahedron nodes as appropriate to the storage distribution scheme being used.

The storage terms for specific yield (drainable yield at the water table) are calculated by muttiplying
the specitic yield times the ptan view area of the element and distributing the terms to three water
table nodes, regardiess of the level in which the water table resides. The calculations for the
specific yield are made at the end of the individual working element calculations for each element

in plan view.
Where the water table spans the uppermost level within an element (one or two nodes are

confined), the specific yield storage fluxes are proportioned on the basis of the relative percent of
the eiement which is phreatic and the storage terms distributed as follows (see Figure 2-4):
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Figure 2-4: Temporai Averaging of Storage Terms
v (WPG File: C:\DR11\TRAN.WPG)
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a’l=Auxlel'Il
Where.

A, = the storage distribution array
pet; = the percent of the head change at each node which is phreatic
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Boundary Conditions

Either the head or flux can be specified at any node. The code caiculates the head at all nodes
where the flux is specified and the flux at all nodes where the head is specified. Distributed fiux
(recharge or evaporation) or nodal point flux can be used. The boundary conditions are set with
the following commands:

FIX, HEAD, FIXH Sets a first type boundary (specified head)
FREE, FLUX Sets a second type boundary (specified fiux)
RISI(ng) Sets a 'Rising Water' boundary (conditional)
DRY Sets a 'Dry’ boundary (conditional)
RECH(arge), FLRE Sets distributed recharge

EVAP, DEPTH, FLEV Assigns evaporation potential, and extinction depth

Ot the two conditional boundaries that can be specified, the first, called "The Rising Water
Condition®, specifies that the head be fixed at the elevation of the node at any node where the
head tends to rise above the elevation of the node. Once set, the rising water condition is released
when the calculated flux is positive (into the aquifer). The checks on rising water are made
throughout the iteration process, and are not carried forward in time based solely on the first
estimate of head during a time step.

The second conditional boundary, called the "Dry Condition® specifies that the head be held at the
elevation of the node at any node where the head tends to fall below the elevation of the node.
Once set, the dry condition is held until either:

a) The flux becomes paositive in which case the specified head is released and the
discharge fluxes deleted; or,

b) The caiculated discharge flux exceeds the specified discharge flux in which case
the specified head is released but the discharge flux maintained.

As with the rising water case, the check for the dry condition is made throughout the iteration
process.

The values of specified flux can be assigned directly (FLUX) or can be specified as a distributed
flux at the water table (RECH,EVAP). Distributed fiuxes are assigned only at phreatic nodes and
are otherwise neglected.

The evaporation loss is calculated as a linear function of the depth to ground water, with the loss
set to zero when the water level is at or below the extinction depth, and the loss equal to the total
potential if the water level is at the ground surface.
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Boundary condition types and values can be updated at any time in a transient simulation to
account for temporal variations in these parameters.

The detault condition in DYNFLOW is a specified flux of zero everywhere except the uppermost
level of nodes where a rising water condition is assigned at all phreatic nodes, and at the lowest
level where a dry condition is specified at all nodes. This means that the user must specify a first
type boundary in the aquifer to obtain a solution unless there will be an invoked rising water or dry
condition in the initial conditions. All default conditions can be changed in DYNFLOW to any other
condition prior to a simulation except that the dry condition at level 1 can only be overridden by a
specified head a an elevation above the base of the model. Discharge fluxes would of course be
applied at level 1 until such time as the dry condition were invoked.
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SECTION 2

MODEL FORMULATICON

2.1 Mathematical Background

The differential equation describing transport of conservative contaminants
in a groundwater flow field is (Bear, 1979):

[gp)
L]
(-8

6 aC 3 [e D.. aC }-q. aC_ (1)
at ax < Y ) !

where C is the concentration at any point,  is the effective porosity, a;
is -the specific discharge, anq Dij is .the dispersion coefficient matrix.
The first term on the right-hand side of Equation 1.represents the

dispersive flux as embodied by Fick's lak; the second represents the

convective flux.

Many methods for solving this equation exist. Finite element or finite
differenée schemes have been applied to this equation (Pinder & Gray, 1977;
Bear 1979); however, as noted in Section 1, these methods are subject to
numerical dispersion and overshoot resulting from the approximations
introduced in the process of discretization.

Bear (1979) notes that numerical dispersion is a truncation error resulting
from the fact that the term proportional to the second derivative is
neglected in the convective terms in Equation 1. Overshoot results from
oscillation of the solution at a fixed point beyond physical limits as a
result of the limited ability of interpolation schemes to represent rapidly
changing concentration gradients while at the same time preserving mass.
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Pinder and Gray (1977) note that overshoot can be contranlled only at the

expense of numerical dispersion and vice versa.

Because of the above problems associated with the convective terms in
Equation (1), engineers have sought other methods of solving this equation
for complex flow systems. The Lagrangian approach is described below. The
process utilizes the random walk method for statistically significant
numbers of particles wherein each particle is convected with the mean
velocity and then randomly dispersed according to the specified dispersion
parameters. Bear (1979) demonstrates that this numerical analogue satisfies
Equation (1).
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2.2 Velocity Field

The first task of transport modeling is to determine mean flow velocity in
each component direction within each element. This is computed from
element geometry, material properties and nodal point heads using Darcy's
Law, which expresses flow rate as a function of the hydraulic gradient.

Piezometric heads used in the DYNTRACK model are generally computed by
DYNFLOW (see DYNFLOW User's Manuai). From a computed set of heads, the
specific discharge vector is computed as follows for each tetrahedron in a

working element:

(2)

where q is the specific discharge, k is the hydraulic conductivity, C is
the matrix that transforms heads to gradients, and H is the piezometric
head.

For each working element, a weighted average of .the specific'discharge
vector in each contributing tetrahedron is- then computed. The velocity -
vector is unaffected by the contaminant concentrations in this case, and
thus, density differences are not considered.
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2.3 Single Particle Tracking

In the simplest analysis, mass is assumed to be convected in groundwater at
the rate of the local mean seepage velocity. If a tracer particle is
injected in a flow field at point x, y, z at a time t, after period of time
t, its new location will be:

xt+At = xt+_qi At = Xy *AX,

e
yt+At = Y +Q_y at =Yy tay,

Ne (3)
z, + At = z, + q, At = zZ, +1&zv

where the seepage velocities, v = q/ne, are those computed for the element
in which it~yas initial]y located. If the new location is in a different
glément, the seepage velocities computed for thé new element will be
applied to compute particle displacement for the next time step.

Single particle tracking is a means of forecasting the mean path and time
of transport from a particular point in an aquifer under given hydraulic
conditio.ns. By using .a_negative time step, it can. also be used in a
"hindcasting" mode, whereby possible source areas of contaminants reaching
a particular point in an aquifer are suggested. However, single particle
tracking does not account for the dispersion of contaminant plumes observed
in nature. '
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2.4 Dispersion

Dispersion phenomena in flow through porous media occur at three scales of
observation. The smallest scale is molecular diffusion due to the random
collisions and displacements of individual molecules. At the laboratory
scale, dispersion is observed in a uniform medium due to the many different
tortuous flow paths followed. In the field, due to limited sampling and
the variable, “interbedded" nature of aquifer materials, porous media which
can be considered homogeneous for flow purposes will be heterogeneous in
their ability to transport contaminants. Dispersion occurs in all three
cases because different fractions of a tracer mass are transported within

the medium at different velocities.

Dispersion observed at the field scale is much greater than that observed
at laboratory or molecular scale, and it is most relevant to contaminant
transport studies of field situations. The magnitude of field dispersion
is a function not only of soil types and flow velocities, but also of the
scale and precision of study. Other things.being equal, contaminant

. transport in a large aquifer which is appro;imately_representgd will appeaf

to be governed more by random dispersion than will contaminant tranéport in
a small aquifer which is very precisely represented.

Various studies (Bear, 1972) have shown that dispersion in the direction of
mean flow tends to be greater, usually by an order of magnitude, than

dispersion transverse to the mean direction of flow. Therefore, when
simulating dispersion in any element, a local orthogonal coordinate system
with the principal axes aligned parallel {x') and perpendicular (y', z') to
the velocity vector is used. Separate coefficients are applied to
longitudinal and transverse dispersidn. It has also been shown that
dispersion coefficients are proportional to the magnitude of the resultant

seepage velocity.
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In DYNTRACK a contaminant mass is represented by many particles. The

dispersion process 1is simulated by adding to each particle random
dispersive displacements in addition to the convective displacements
described for single particle tracking. It can be shown that the
dispersion process applied to a given mass injected at a point, will lead
to a normal distribution of mass in any of the principal directions (see
Model Verification -- Section 5). The standard deviation, o, of the

distribution, or the average displacement, will be:

’ =.\Fﬁi;; (4)

where D (Lz/t), the dispersion coefficient is given by:

D = ajv] = al/at

and « is the dispersivity (L), {V| is the absolute va]ue-of the resultant
velocity vector (L/T) and L (L) is the distarice traveled. In three
dimensional - porous media, it has been generally observed that the
dispersivity in the direction of flow is greater than the dispersivity
normal to it (Ahlstrom et al, 1977; Bear 1979). This gives rise to two
companion relationships for longitudinal and transverse dispersion:

OL = 2a.LL
_ (5)
T \ ZO.TL

Q
n

where I al'andaT. ap are the standard deviation and dispersivity in the
longitudinal and transverse directions, respectively.
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Figure 2.1

COORDINATE TRANSFORMATION
FOR DISPERSIVE MOVEMENT
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For any individual particle of mass, the dispersive displacements take the

form: 1
ax' = VI - M) - 0.5-Rg
1
ay' =\/2aL L - &12) - 0.5-RZIQ (6)
1
az' = VZa L - WMD) - 0.5 - R4l

where x', y' and z' are the local velocity vector coordinates as shown
in Figure 2.1, Rn are random numbers ranging from O to 1, and the term
V17 converts the range of the random number function to the value necessary
to preserve the statistics implied by Equation (4). Note that to preserve
the statistics of Equation (4) the range of allowable displacements can be

defined by a random number with a range of :AIS a L.

The random displacements given by Equation (6) must now be converted to the
global coordinate system x,y,z. Again, referring to Figure 2.1, the
conversion takes the form: .

«Ccos@cosP+ y sin@+ z'. sin® - cos @

By =X
AYqy = x'cos @ - sin@+ y' cos@+ z' sin@ . sing (7)
azy = x'sin @+ 2' cos @

The total displacement for an individual pakticle for a time step is then

- the sum of the advective and dispersive motions:

AX =aXx, + AXxy
ay =ay, + ayy ' (8)

= + )
AZ AZV Azd
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Where the bedded nature of soil deposits results in significantly reduced
vertical flow conductance compared to horizontal conductance, observed
vertical dispersion may be considerably suppressed. DYNTRACK allows for
the specification of an anisotropy ratio by which vertical dispersion is
suppressed with respect to horizontal dispersion in a given element. Note,
however, that suppression does not affect the convective movement in which
flow field anisotropy is implicit.

The suppression is implemented by application of the anisotropy ratio to
the vertical dispersive displacement such that Equation (8) becomes:

\ Ax = Axv + Axd
= AyY + AY
by v d (9)
Az = sz + 8 Azd

where 'S' is the anisotropy ratio. In DYNTRACK, specification of a value
of 0.0 for S results in no vertica) suppression.
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2.5 Decay

The total mass of a contaminant which enters an aquifer may be reduced by
various decay mechanisms. Reduction of mass can be simulated in DYNTRACK
as a simple first order decay process. In this case, the mass assigned to
each particle is adjusted at each time step according to the relationship:

W +ar = ¥, - exp(-aar) (10)

where:
wt = particle mass at time t
A = first order decay coefficient
exp = natural logarithmic base

Mg
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2.6 Adsorption

The process of adsorption/desorption of dissolved solute on soil grains can
change the concentration of solute in water. This process results in an
apparent movement of solute which is slower than water. This phenomena is
described by the retardation equation (Freeze & Cherry, 1979):

]
-

ViV = 1+4+P -k
a

o
0.

(11)

?|

where:
V is the mean velocity of water
y. is the apparent mean velocity of solute
e is the effective porosity
Pb is the bulk dry density of the soil fraction
\ . kd is- the distribution coefficient _ .
\ Y R is the retardation factor

The distribution coefficient is a function of the soil and solute
chemistry. For volatile organic constituents, it is a function of the
organic carbon content of the soil. The distribution coefficient is
defined by:

kg = e/l (12)

where Cq is the concentration by weight on.the soil and <, is the
concentration by volume in water. Equations (11) and (12) assume rapid
reversible adsorption with a linear isotherm (Freeze & Cherry, 1979).
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The movement of solute whose behavior is approximated by the retardation
equation, can be simulated in the random walk method by simply reducing the
velocity of any particle by the retardation factor. This will reduce the
distance travelled in any time step and thus the dispersive displacements
will be likewise reduced.

The concentration of solute in the aqueous phase can be determined as
follows (Gelhar, 1984). Considering first the phase diagram as shown in
Figure 2.2 and assuming that the soil is saturated and the volume of solute

is negligible, yields:

v, (13)

X
»
n

W+ W gwt

The bulk dry density of the soil matrix can therefore be defined as
follows:

Py = Mg * G- Vo= G_[vt-vw] = (1-n) - G (14)
' Ve V¢ t

where n is the total porosity (Vv/Vt).

The concentration in water can be defined as:

CwW C CS

C.,L = WM = W -W (15)
v
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DYNFLOW uses the same properties within each element of the triangular prism except for the
non-linear case where the phreatic surface spans two working elements in the vertical direction.
For this case, averaging of properties for each tetrahedron is done based on the relative portion
of the tetrahedron in each originally defined working element. The proportioning is done on the
basis of the total vertical distance spanned in each layer and is shown in Figure 2-3 for a 2 layer
system. The result is as follows:

For hydraulic conductivities in all directions:

Kew = —E—LI/-— /] = 1, number of leveis spanned

= (7

L, = min[HMAX, ELEV{j+1)] - max{HMIN, ELEV())]
K, = Hydraulic conductivity of layer

HMAX = the highest head at phreatic surface within the pian element
HMIN = the lowast head in the plan element

] = layer, level number
For storage properties and angies of anisotropy:

p =£K><L
“° TTL

i

P,y = 'Property being averaged
and the other variables are defined as above

The stress dependent parameters, y, and o, are not averaged.
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and the concentration on the soil

CS = wcs (16)
S Gs
therefore:
Cw = wc - GS Vs . CS
th
= wc - Gs (Vt - Vw) kp Cw
nVt th
(17)
= wc - Gs(l-n) kp . Cw
nVt n
T T
"H"‘ TIVt n .

Rearranging terms and solving for Cy yields

C, = W (18)

In DYNTRACK, it is assumed that the total porosity and effective porosity
are the same (n= ne), which for practical engineering considerations is an
acceptable assumption. Thus, by use of an equivalent effective porosity of
R'ne, the velocity will be appropriately reduced in Equation (3) and the
concentration in the aqueous phase will be appropriately reduced in
Equation (18).
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2.7 'Computation of Concentration

Each particle is assigned a mass which is held constant throughout the
simulation except for the case of decay as described in Section 2.5. At
any point in space or time, the concentration of solute can be computed by
selecting a volume and summing the mass of all particles within the volume.

The concentration then becomes:

Ch = wc (19)
nVt

where Hc is the total particle mass within the total volume VT' and n is

the total porosity. In DYNTRACK, as noted above, the total porosity and

effective porosity are assumed equal, which is adequate for most

engineering applications.

In DYNTRACK, concentrations can be calculated using two basic methods. The

. first method computes concentrations at all nodes in the finite. element

grid used by the flow and contaminant transport models. Partic]es'aré
assigned to nodes using the appropriate geometric relationships which
define the contributing volume to each node. The porosity for each segment
of the contributing volume is used to calculate the volume of water

contributing to the node.

A variation on this concept is the calculation of vertically averaged
concentrations at the plan location of all node columns in the flow model.

"In this case the contributing volume to the plan node consists of the

entire vertical column as shown in Figure 2.3. The volume of water in the
column is calculated by multiplying the volume of each layer within the
column times the effective porosity of the layer. The vertically averaged
concentration then becomes the total particle mass in the column d1v1ded by
the total volume of water in the column.
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Both individual node concentrations and vertically averaged concentrations
can be directly contoured using companion plotting routines with either
linear or logarithmic/linear interpolation functions.

The second basic method of calculating concentrations is to specify at any
point an associated cylindrical volume centered about a point. The
particle mass within the cylinder divided by the pore volume of the
cylinder yields the concentration at the point. This method of computation
permits direct comparison to field data points which do not lie at the flow
model nodes, and permits the computation of spatial moving averages by
overlapping the cylinders.
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2.8 Plume Modeling

To model the passage of a contaminant plume through an aquifer, thousands
of individual particles are utilized. Convective and dispersive displace-
ments are computed repeatedly for each particle for each time step of the
simulation. The particles, as a whole, represent the entire contaminant
mass, with a small, discrete portion of that mass assigned to each
particle.

Results from multiple simulations can be added, with relative weighting, to
represent multiple sources, or to improve the accuracy of a single simula-
tion by increasing the number of particles. Where multiple sources are
simulated during the calibration step, this additive capacity of simulation
readily permits the use of influence matrices to assess the relative
weights of various sources. This is done by simulation of each source using

it source loading. If there are N sources, then these sources can be
related to N points of observation as follows:

where Ci js the observed contamination at point i, uij is the simulated
concentration at point i from unit source j, and Wy is the weight of source
J. This equation can be solved directly for the weights or bounded optimi-
zation techniques can be used. This approach can be extended to multiple
sets of N observed data as validation, or to incorporate the effects of not
only source weight but also source duration or other source unknowns.

2-13
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4.3 _0OU2 - LAGOON AREA

This section discusses the nature and extent of contaminants in lagoon surface water, lagoon sludge, soils
underlying and adjacent to the lagoons, waste piles, sludge within mixing and clarifier tanks at the

treatment building, and water in the basement of the treatment building.

4.3.1 Lagoon Operational History

The Lagoon Area is about 45 acres in size and includes 10 lagoons. When operational, spent pickle
tiquor generated at the Main Plant was transferred into two hazardous waste storage (or acid) lagoons,
labelled Lagoons | and 2 on Figure 4-7. The pickle liquor, which had a pH of approximately 2, was
pumped to a Treatment Building and neutralized using lime. The Treatment Building includes a lime
hopper, three mixing tanks, two clarifier tanks, and two filter presses. Neutralization involve adding lime
to the liquid in the mixing tanks. The mixture would be transferred to clarifier tanks where sludge would
precipitate and be separated. Sludges were sent through filter presses for dewatering and then transferred
to sludge drying beds (Lagoons 8, 9 and 10 on Figure 4-7). The treated liquid is thought to have been
discharged to polishing Lagoon 3 and then transferred through polishing Lagoons 4, 6, and 7 during
which solids suspended within the liquid would settied to the bottom of these lagoons. After polishing,

the liquid was stored in Lagoon 5 and then discharged to Wildcat Creek through outfail CS-04.

Based upon aerial photographs, it appears that the acid and polishing lagoons were constructed in the late
1930’s and the sludge drying beds were constructed in the late 1960’s or early 1970’s (USEPA, May
1990). Aerial photographs indicate that a meander in the Wildcat Creek channel may have been filled
and the creek diverted as part of the construction (USEPA, March 1992). The approximate location of

the channel is shown on Figure 4-7.

3029, WPAIN.0IOA/6002-13, -26. 94 DRAFT
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Available documentation for the site provided little information on the methods used to construct the
lagoons. Soil boring data combined with the information provided in the historical aerial photographs
provided some indications of the types of materials used to construction the lagoons. This interpretation

is provided in Section 4.2.3.

4.3.2 Surface Water Quality

The untreated and treated pickle liquor has been removed from the lagoons. At the time of the study,
rainwater was present in the areas shown on Figure 4-7. Surface water areas vary seasonally dependant
upon precipitation and evaporation. Mud cracks in the sludges of Lagoons 4 and 7 indicate that these

areas are not always covered with water.

Field screening and laboratory results for general surface water chemistry are summarized on Table 4-11
and 4-12. The water chemistry was fairly similar between lagoons with two notable exceptions. First,
water in the acid lagoons was slightly acid with a mean pH of 4.8 while water in the polishing lagoons
was nearly neutral, with the pH ranging from 6.3 to 6.9. Also, ammonia concentrations in the acid

lagoons averaged 3.7 mg/L, while concentrations in the polishing lagoons were 0.15 mg/L or less.

Detected organic compounds in lagoon surface waters are summarized on Table 4-13. Detected
compounds were acetone in seven samples with concentrations ranging from 5 ug/L to 8 ug/L, bis (2-
Ethylhexy!)phthalate in three samples with concentrations ranging from 3 ug/L to 8 ug/L, Endosulfan I
in three samples with concentration ranging from 0.004 ug/L to 0.014 ug/L, and Endosulfan II in one

sample at a concentration of 0.004 ug/L.

[norganic compounds detected in the lagoon surface waters are summarized on Table 4-14. With the
exception of calcium and magnesium, inorganic concentrations are considerable higher in the acid lagoons
than in the polishing lagoons. For example, aluminum was detected in all eleven unfiltered acid lagoon

surface water samples with an average concentration of 3,180 mg/L. In the polishing lagoons, aluminum

9309029, WP/IN-DI9A/6302-13, -26, 94 . DRAFT



i,
bt

TABLE 4-11

FIELD SCREENING RESULTS OF GENERAL CHEMISTRY
LAGOON SURFACE WATER
CONTINENTAL STEEL RI

Kokomo, Indiana

‘ Specific Dissolved
Sample Temperature pH Conductance Oxygen
Location (Deg. C.) (units) ~ (uS/cm) (mg/L)

[ACID LAGOON #1/#2

sw-11 | 80 4.7 e 850 72
Sw-12 28.0 52 810 32
Sw-13 290 59 945. 8T

: SW-14 265 43 890 81

! SW-15 28.0 58 950 70

. SW-16(3f) 285 46 910 6.1

I SW-16(9 ft) 28.0 46 900 40

SwW-17 26.0 45 880 7.8
SW--18 28.0 44 955 65
SW-19 215 42 940 6.8
Sw-20 320 4. 1,080 7.0

| Arithmetic Mean 28.1 48 919 6.6

[POUSHING LAGOON #4

1 Sw-03 | 27.5 6.9 - 1,020 7.3

| SW-04 340 6.8 900 72

| SW-0s 210 63 1,015 69

! SW-06 210 6.4 900 69

{__Arithmetic Mean 27.4 6.6 959 7.1

?EQQ_SHING LAGOON #5

T SW-01 31.0 6.5 820 8.2

‘ SW-02 ( 310 6.4 930 5.1

Arithmetic Mean 31.0 65 875 6.7

!POLISHING LAGOON #7

l SW-07 220 6.7 . 860 - 7.8.

| Sw-08 265 6.9 875 10

i SW-09 30.0 6.8: 920 70

| SW-10 2.5 10 885 10

L Arithmetic Mean 263 69 88s 12

Deg. C. — Degrees celcius

rog/L. — Milligrams per liter

uS/cm — Microsiemens per centimeter at 25 degrees celcius

940223 7. WKI/INDA 18=Nov-94




TABLE 4-12

LABORATORY RESULTS OF GENERAL CHEMISTRY
LAGOON SURFACE WATER

(CLP Results in mg/l)

CONTINENTAL STEEL SITE

Kokomo, Indiana

In

[SAMPLE | I N ) T
LOCAHQ“INL LAGOON CaCo, |NH,—N Cl N+N | 0&G P SO, TDS TOC TSS BOD
Sw-1 Polishing Lagoon #3 3190 ND 3310 0333 R ND 1,430 2,590 3 ND ND 1.1
SwW-4 Polishing Lagoon #4 28.20 ND 30.10 0281 R ND 1,740 | 2,170 ) ND ND ND
Sw-9 Polishing Lagoon #7 49.60] 0.5 18.80 ND R ND 1,670 2,400 J 52 ND 2.0
SW-9(DUP) 48.80 0.101] 18.90 ND R{ 0.0501] 1,640 23501 5.32 301 14
Sw-11 Acid Lagoon #1 ND 361 28701 0213 R ND 1,410 2,150 ND ND 0.40
Sw-20 Acid Lagoon #2 ND 381 28.50 0.191] R ND 1,390 2,1201] ND ND ND
NOTES:
BOD = Biological Oxygen Demand NH,-N = Ammonia as nitrogen SO, = Sulfate

CaCo, = Alkalinity

Cl = Chloride

J = Concentration is estimated
ND = Not detected

9403004 WKI1/INDOA/6802 - 37

N+N = Nitrate plus nitrite
0&G = Oil and grease

P = Phosphorus

R = Rejected during validation

TDS = Total Dissolved Solids
TOC = Total Organic Carbons
TSS = Total Suspended Solids

18-Nov-94



COMPOUN N
Acclone

bis(2 - Ethylhexyl)phthalate
Endosulfan |

Endosulfan Il

Total TICs for SVOCs

NOTES:
SR - Sampl ST

sW-14
5/R
oy

B bt
—f-

rd R
Iy

TABLE 4-13
DETECIED ORGANIC OOMPOUNDS IN LAGOON SURFACB WATTR
(CL.P Reaulus in up/Kg)
CONTINENTAL STECL RI
Kokoma, indiana

LAGOON #1/#2 LAGUUN #4 LAGOON #5
¥

SW-1S]|SW-16 (3 10)] SW~16 (9 f1)] SW-17|SW-18| SW_19] SW-20{[SW-03| SW-04] SW~05 | SW—06 | SW-01 | SW-02 | SW—07
11 R Rl 71 73| 8161 K R R W 4 K R R
- - - 3 - -I- 8 - - - - - - 1)
- - - - - -1~ ~ | 0004 - | o014 | 00041 - - -
- - - - - -I- - - - | o004 - - - -
- - - - - -1-| 45 - - - - - - -

CLp - Cor;lrld laboratory program
CRQL - Contact required quantitation limits
J ~ Concentraiton is estimated

9402045. WK VVIND3%a

ug/Kg — Micrograms per kilograms
R - Lab rejected ample

—* - Not detected

ia

02/47/94



TABLB 4 |
OETECTED INORCANIC COMPOUNDS IN LAGOON SURPACE WATER
(CLY Raanlts in myKyg)
CONTINENTAL STEEL RI

Cokama, kdiane

LAGOON #1/#2
sw-11 Sw-12 sSW-11 SW-14 i SW-15 SWoi6(3h) T IW-_WIH) SW=17Y -1 SW-1F i IW- |
[COMPUOORDI CROC)_F | UF [ T OF L T_OF B | [ UF i ® L ] Ul — OF ¥ OF i ® OF
Alummsm 100]| 3200 33105 | 3.000 32001 | 2710 2900 J | 29201,100 3,070/3.080 3.050 3048 3570 3250 | 3.000 32307} 1060 1050 1020 01 | 3120310 310132007 1180 325 J
Barium 20 16.6 1 1992 167 1891 16.6 5 081 | 17.8J08.43 183111481 1631 19.7] 16217 wis [T} 191 181 1% [[XP] 1) 178I1N71.3 2021201 1891 1.1
Beryllinm 1 - - - - - - -t . -i- LY - - - - - - - - - [ 837 - - -
Calminm 1 361 u 34 3.4 324 127 13114 21211 8 91 34 1> ¥ 134 53 161 191 361 33 341343 24124
Cakium 500 {484,000 |507.000 |477.000 |485,000 |462.000 |480.000 } 4550004472000 | 462.000/$74.000 |457.000 |506.000 |485000 |494,000 |477.000 |e88.000 |¢7r000 |473,000 - 449,000 501000 460,000/46+4,000 | 497,000/494,000
Curomium 10 - - - - - - == = - - - - 10.7 - - - - - 183108 -1-
Cobalt 1a «W21] (19§} 68171 &4 J 649 1 I | S84/5%6 612563 6131 6z “S ) 13 031 6471 a3 (>3 0el 81 . |estle3tl Nier23
| Sopper 10} 9s 102 L] 2 99 5.6 94593 HAs4 95.1 103 ”»a 102 922 101 9”2 ” ”4 oo 953100 10102
iron 100 533 3 mn (L4 b1 14 764 - 655MS4 a7 410 58 (31 L) 419 [ 3 [ L) m us [;:] TOS/ETY 314816
Lead 2 "3 "7 826 J 520 767 ) ny 967952 3497786 8641 7 7o) " 99 % 928 [3}] 9o 4 so2ijanl 0
Magaasinm s00|| 57.500 | 40200 | 37,600 39,000 | 36300 | 32600 | 37,600/38000 39,400J38.8007 | 34300 | 39200 | 38100 | 39300 | 37700 | 39500 | 34400 | se700s 36300 39500 | 3640036200 | 39,7003%400
Mangmese 10 2130 9,600 9.450 9.750 9350 6% | 88201960 .170/9.150 9.230 810 | 9490 | 9320 2330 2.610 9.290 9,100 2140 10.100 9.290/9.340 10.000/12.300
Nickal. 20 47 107 418 -680 | 658 6k - HES1: 8871 643 n %4 6% 566 &7 450 (1 B} (1] . 07 - 630/564.. - ovne
Pouassium 150l o020 e 590 5.69%0 5,990 s410 6.64006.430 [0 S0 6150 5470 s010 s.920 (7] €010 “n e | anasse sysa0
Selmine. 3 [X ¥} - 1 - - - RR - - - - - - - - EE - -t
Siver 10 - - - - - - o - - 1 - - - - - - - R X == -
Thalllne 10 - -. - e - 22, | 22 ) 20— - -t =} - - - - - - - o) I ==
Sodinm sooll 13500 5§ 14000 | 13400 7] 14400 14,000 13,900 J { 13.300/12.600 13,8001/13,6007 | 14.000 | 14300 5 | 14.000 13,500 13,600 J § 13,900 | 13.400 13,600 § 13,800 13,900 J | 14.000/14.100 14,7003114.200
Zise . v 20{]-13,900. | 14300 jat ] 13800 § 13,300 { 11,500 | 13,400/11300. | 13,900/83400. “13.600 | 14200 | 14100 | 13,50 13,700 |. 13,900 23,700 | 13,900 15,600 . ;D 14300: . | 138001500 | 14.400/14200 -
LAGOON #4 LAGOON #7
sW=63 SW-8 IW-83 SW=07 IW-&" V- IW=18_
(CORPOURDA ¥ OF . o UPF ). OF ¥ o™ ¥ OF . OF | J OF
Ahmminum. 100 - 7541 21.4)4087 ;7
Barium k- - Ll naimsI
Beryllins R § | - T
Cadmium 1 - -
Cakimm : “'{- S00[|52%.000 {s65.000
Chromivas 10 - -
Cobalt . . 10 - -
Copper 10 - -
lrom o el - TR
Laad 2 - -
Mapsasiam 5001 99700 | 107,000
Maspasss 10 5414 153
Nicke 1wl -y -
Potassimm 150 3420 520 3.
Scemiam 3. - 1 - :
Siver Wy - i -
Thallins - . o - 2 -
Sodium 500h 16200 16300 1 | 163007
Zinc . wl - 8 [ -
NOTES:
2.920/3,100 — Sample ioa/dupli = mg/Kg — Milograms per kilograms
CLP ~ Coatrsct laborsory program R = Lab rejected sample
CRQL - Comtact requized quantitation limis *=* = Not detacted
J - Coaceatraiton is eximated -
F- Fend Rllordd

UFE- Unfiliored

9402046, WKLINGI? o114
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was detected 9 of 10 unfiltered samples with an average concentration of 80 mg/L. Zinc was detected
in all eleven unfiltered acid lagoon samples with an average concentration of 14,000 mg/L. In the
polishing lagoons, zinc was detected 2 of 10 unfiltered samples with an average concentration of 29.2
rg/L. Calcium and magnesium concentration were higher in the polishing lagoon surface waters, most

likely a result of the use of lime (calcium magnesium carbonate) during the neutralizing process.

4.3.3 Sludges and Soils

Three soil units are present in the Lagoon Area: (1) surficial soils, (2) intermediate soils, and (3) basal
soils. The surficial unit consists of sludge inside of the lagoons and a mixture of slag and fill soils
outside of the lagoons. Areas and thicknesses of the sludges and the slag/soil mixtures are shown on
Figure 4-8. In the acid lagoons, sludge is generally 2-foot thick, excluding the northern portion of
Lagoon No. 2 where the sludge thickness ranged from 6 to 8 feet. The sludge thickness ranged from 4
to 11 feet in the polishing lagoons. In the sludge drying beds, the sludge thickness ranged from 12 to
19 feet. The slag/soil mixture was 2- to 4-feet thick along the along the northern and eastern boundary
of the Lagoon Area. Along the southern and western boundaries of the Lagoon Area, the slag/soil

mixture was & to 11-feet thick.

In some areas, a clayey fill was encountered below the sludge or slag/soil mixture. The clayey fill
generally consisted of silty or sandy clay. This intermediate soil layer is interpreted to be fill due to its
lower density when compared to the glacial silts and clay (generally 10 blows per foot verses 40 blows
per foot). Figure 4-9 illustrates the areas and thickness of the clayey fill. The clay fill is not present
across the entire Lagoon Area. The clayey fill is absent over the majority of the acid lagoons and
polishing lagoons. Where present, the thickness varies from 1 foot to 14 feet. The clayey fill averages

3-foot thick where it overlies the lagoons.

930929, WPANGISAKR2-13, -26, 04 DRAFT
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Where the intermediate clayey fill is not present, the sludge or slag/soil mixture directly overlies glacial
sands and gravels and/or alluvial silts and sand. Both of these soil types are suspected to be relatively
permeable. The glacial sands and gravels and alluvial silts and sands, along with glacial silts and clays,
are interpreted to be the native soils in this area. They are termed the basal soil unit because they are
encountered directly above the bedrock limestone. The areas in which each of these soils were
encountered and the thickness at each boring location is shown on Figure 4-10. " Glacial silts and clays
were encountered in the northwestern and eastern portions of the lagoons. These soils ranged from 1-
to 18-foot thick and were predominantly encountered in bedrock channels. Glacial sands and gravels
were encountered primarily in the northern half of the Lagoon Area, with thicknesses of 1-foot to 7-feet.
Alluvial silts and sands were present in the throughout the polishing bed area. The alluvial deposits were
1- to 8-feet thick. It is interpreted that the alluvial deposits may have been removed along the eastern
boundary of Lagoon Nos. 2, 3, and 4, possibly during the diversion of the creek channel. In the area

of Lagoons No. 4 and No.7, the alluvial deposits appeared to overly glacial sands and gravels.

The soil units describe above give some indications as to the construction of the lagoons. It does not
appear that the lagoons were lined as part of the construction because the clayey fill is absent over the
majority of the acid lagoons and polishing lagoons. It appears that a mixture of slag, bricks, concrete,
sand and clay was used to create berms around each lagoon and fill low lying areas. Fill was encountered
between siudge layers at boring locations SL/SB-01, SL/SB-03, SL/SB-05, and SB45. These borings
are located in the Sludge Drying Bed Area. Also, fill was encountered between sludge layers at boring
locations SL/SB-18 and SL/SB-22. These borings are Jocated near the southeast corner of Lagoon No.
1. In these areas, sludge and fill (e.g., slag, bricks;) were most likely disposed in alternating layers as
they were generated by the Lagoon Treatment Building processes (for sludge) or processes at the Main

Plant (for fill).

9309029 WPAIN-019A/6802-13, -26, 54 DRAFT
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TABLE 4-15

SUMMARY OF DETECTED VOCs IN LAGOON SLUDGE AND SOILS

(CLP Results in ug/Kg)
CONTINENTAL STEEL RI
Kokomo, Indiana
o | FREQUERCY MINTMUM At L
{ OF DETECTED DETECTED MEAN' OF
! AREA/MEDIA DETECTION CONCENTRATION CONCENTRATION DETECTS
LAGOON ENTRANCE
! SLULDGE | Metbylene Chloride V4 2.000 4,000 3,000
1 .
I soIL ' Acetone 36 18 220 - 98
' Benzene 1/6 20 20 20
, : 2=Butanone 45 14 76 -3t
' 1,1-Dixhloroethene 2/6 3.0 70 50
1 2-Dichloroethene (total) 5/6 14 540 ‘210"
Ethylbenzene 16 50 50 50
Tetrachloroetheae U5 690 1,200 950"
Toluene 1/6 90 9.0 9.0
Trichloroethene 6/6 11 5,100
| Vinyl Chloride 1/6 30 3.0
| Total Xylenes u 26 26
| S e
soL | Acetone n 11 20 0 -
- 2—Butanone n 4.0 89 35
! Carbon Disulfide 3 4.0 4.0 L4
‘ 1.2 - Dichloroethene (total) 38 50 6.300
! l Toluene n 10 12 50
| Trchloroethene 48 3.0 22,000 9,000
_EASTCENTRAL PORTION OF LAGOONS
' SLUDGE | Acetone 118 2,800 2,800 2800
' 2~Butanone s 5.0 50 50
Carbon Disulfide 18 59 59 - 59
Methylene Chioride 87,8 8.000 28.000 20,000
Tetrachloroethene 118 30 3.0 30
Toluene 1718 4.0 4.0 40
SQIL Acetone %6 68 210 139
Carbon Disulfide 26 55 200 130
‘ Tolueoe 146 10 10 1.0
OTHER SLUDGE*
Acetone 8/50 13 2300 440
Benzene 1/50 13 13 13
2-Butanone 7/50 9.0 k3 19
Carbon Disulfide 2/50 3.0 30 30
| 1.1~Dichioroethene /50 30 30 30
" Etayibenzene 1/50 40 40 40
! Mathyleae Chioride 150 4,000 4,000 4,000
| Teluene 3/50 30 6.0 45
Trichloroethene 2/50 20 20 20
Tctal Xylenes 1/50 20 20 20
MHEIT SOILS
|
Acztone 25/718 920 520 110.
Benzene 6/15 15 12 43
2--Butanone 23178 30 140 .
Carbon Disuifide 167715 10 51
Chlorobenzene 178 40 40
i 1,.~Dichloroethene 1715 30 3.0
! 1.2 ~Dichloroethens (total) 4115 30 8.0 A4S
\ Eibylbenzene u1s 0.70 30 9
! 2--Hexznone s 48 48 T 48
Methylene Chloride 371s 6.0 120 63
4.-Methyi—2 ~Pentanone 175 59 59 59
Toluene 38/75 1.0 29 6.5
Tchioroethene 6/715 20 220 A%
Ttal Xvienes 918 10 19 4.1
! In calculating the mean, duplicate values were averaged and then the aversge was used ia the cakulation. Non—detects were nat used in the
calzulation except when averaging a duplicate results where one of the two samples is non—detect. [ this case. half the uadecteded value was used.
¢ |n soil borings 03, 05,06, 18, 22, 45; where there were alternating layers of {ill and siudge. the {ill was included with the sludge calculation.
3 For the cakulations, all samples from SB—46 were considered sludge.
* *¥here sludge and soil are mixed in a sampie, the sample is calculated as 2 siudge.
9402025 WKL/INO3SA 032154
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In this area, several drums of TCE and TCE-contaminated soils were removed by the USEPA (USEPA,
1993). USEPA reported that, during the excavation activities, the concentration of organic vapors
increased with depth until the clay layer was encountered. Once the clay layer was encountered, the
concentration decreased significantly. This indicates that the silty clay

may be inhibiting the downward migration of the chemicals.

Figure 4-14 is a geologic cross-section through the east-central portion of the lagoons. The VOC
concentration which exceed 500 ug/kg appear to exist only within the sludge layer. As shown on Table
4-15, methylene chloride was detected in 11 of 18 siudge samples with a mean concentration of 20,000

ug’/kg. Maximum concentrations in the underlying soils were less than 210 ug/kg.

4.3.3.2 Polynuclear Aromatic Hydrocarbons - The distribution of total PAHs in sludge and soils is
shown on Figure 4-15. The figure includes both CLP and field laboratory results. Table 4-16
summarizes the individual compounds and their concentration. PAHs were non-detectable in the majority
of the acid and polishing lagoons (excluding a detection of 9,900 ug/kg in a soil sample from SL/SB-14).
PAHs were consistently detected in the other portions of the Lagoon Area. Total PAH concentrations
exceeded 500 ug/kg in three main areas. These areas, illustrated by the shading on Figure 4-15, are: (1)

the Sludge Drying Beds, (2) the Drum Area, and (3) the east-central boundary of the lagoons.

Figure 4-16 is a cross-section through the Sludge Drying Beds. The areas where the total PAH
concentration exceed 500 ug/kg appear to be discontinuous and are present within both the upper and
lower portions of the sludge/fill. As shown on Table 4-16, fluoranthene, phenanthrene, and pyrene were
detected in 25 percent of the CLP samples colleéted from this area. These compounds had mean

concentrations greater than 1,000 ug/kg.

9IRS WPIINLIIANED-13. -26, -4 DRAFT
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SUMMARY QF DETECILEL FALS LN LAWUAUN 3L LASE AL Al

(CLP Results in wg/Ky)
CONTINENTAL STEEL RI
Kokoma, Iadiane
FREQUENCY MINTMUM
OF DETECTED MEAN'! OF
AREAMFDIA DETECTION | _CONCENTRATION | _CONCPENTRATION DETECTS |
| SLUDGE DRYING BEDS
SLUDGE | Benxo(a)Anthracans U1 95 130 110
Benzo(a)Pyrene U2 83 120 100
| Benzo(b)Fluoranthene 12 180 200 190
Beoxo(g.b.ji)perylene 112 61 61 61
Benzo(k)Fluorantheao 1n2 160 160 160
Chrysene 12 110 180 150
| Dibas(a)Anthracens 1n2 4 4 a7
' Fluoranthene 412 38 280 150
i 1ndaao(1.2.3~cd)Pyrens n2 180 180 180
Phenanthrene sn2 38 240 110
" Pyreas sn2 3t 190 110
[DEUMAREA
SLUDGE ] Pyreoe 12 2,000 7.000 70008
SOIL Anthracens U1y 58 970 310
Benzo(a)Anthracene 413 20 2,500 1,100
Ml)hﬂn. 413 210 3.500 1,400
B-m(b)ﬂ\nnn:hao 413 150 5300 1,800
} Bomzo(ghi)Perylene ns 180 -3,700 1,800:
h:n(k)l-\lcnllheuo 18] 0 1,400 640
413 1-;2 ) J.?: 1300
Dbu:(nh thracene LT3t} 3so
nmm-)c. 413 330 2.600 1100
Fluorsne 113 29 290 290
f Indena(1 23 ~cd)Pyrens 413 e 1,500 1.100
Naspthalens 113 300 300 300
| Pheasacrene ;n3 270 1,600 840 |
| Pyrene 13 220 4,000 1.500
I S
| BEAST CENTRAL BOUNDARY
SLUDGE w» 1,000 8,000 3,300-
Anthracene 19 1,000 1,000 1,000
Banzo(a)Anthracens 19 2000 2.000 ;. 2,000
Benxo(a)Pyrens 15 2,000 2,000 2,000
Chrpenc 29 5.000 3,000 3,000
: Fluaranthene n» 2,000 2,000 2,000
Fluorens 19 6,000 6,000 6,000
Phrenanihrens “w 64 9,000 4.500
Fyrene w 2000 7.000 5300
SCIL Aosuaphthylens 1/8 81 8t &t
Anthracene ;s 19 [ 53
| Beazo(s)Anthracme L/ 40 3: 170
| Benzo(a)Pyreno 3 N 3 170
; Beazo(b' ):{\rnrum &% 19 3% 140-
| Beazo(gh,)parylens n 53 310 140
: Bemzo(k [ as 240 110
Chrysens i3 ® 530 20
Dibenz(ah)Anthracene 13 [} 83 a8
Fluomatheno &8 28 420 170
- Indena(1.2.3 —cd)Pyrene p 9 M0 180
Naphthalene 1/8 “ “ 44
: Phesanthrene e 48 300 130
Pyrecs s 29 540 190
OTHER SLUDGE*
———
Beexo(a)Anthraome Vay 48 58t .2
Benzo(a)Pyreos 24y 50 7 . 62
Beoxo(b)Fluorsathene vay. 461 46 | A6
Benzo(ghi)parylens 1743 35 38 55
Benzo(k)Fliorsathone vay - 45, 84| 34
Chrysens U4y 61 61 6l
Fluoranihens - Ve - 73 100 . 88
Fluorens 1743 a 42 42
Indeao(l,23 —cd)Pyrens 143 5 i [0 .
Pheasnthrene 243 30 140 95
Pyrens - U3 n 92 8
| OTHER SOOLS
1
Beuzo(s)Anthraceas st 26 830 170
Benzo(a)Pyrens st 31 1200 230
Bestzo(b! Eord 0 143 76
ghi)peryens 137 420 40 420
mk 457 n 3350 . 180
Carysene &5 3s 1,300 30
Fluonntheas . s i 1300 27
Fluorene 1/57 t70 1 170
Pheasnthrens - 357 8 940 280
Preae %57 “ 2,000 320

! In calculating the mean, duplicate values were averaged and then the averago was used in the calculation. Non —~detocts were not

in 1he calculation @xxpt whan averaging duplicate results where one of the two sampies is noa —dotect. In this case, balf the

undatected valus was used.

“ 1n soil borings SL/SB 03, 05, 06, 18, 22, 45; whers thers wars alternating layers of Sll and siudge, the £ll was induded with the sludge

caiculation.

9 Por thess calculations, all sampies from S B-46 were conaidered sludge.

4 ‘Where sludgs s0d 30il are mixed in a

9403040.WK1/INDY9A

ple, the sample is calaulated as & sludge.
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Figure 4-17 is a cross-section through the Drum Area. As illustrated, total PAHs appear to exceed 500
ug/kg primarily in the upper 5- to 10-feet of the fill soils. As shown on Table 4-16, benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, chrysene, fluoranthene, indeno(1,2,3-cd)pyrene, and pyrene were
detected in more than 25 percent of the CLP samples collected from the Drum Area. These samples had

mean concentrations greater than 1,000 ug/kg.

Figure 4-18 is a cross-section through the east-central boundary of the Lagoon Area. In northern portion
of the cross-section (at the northeast corner of Lagoc;n No. 1), the total PAH concentration exceeded 500
ug’/kg in the upper 10 feet of the fill soils. In the central portion of the cross-section (along the eastern
boundary of Lagoon No. 6), the total PAH concentrations exceeded 500 ug/kg in 6-foot thick lower
portion of the sludge. As shown on Table 4-16, acenaphthene, phenanthrene, and pyrene were detected
in more than 25 percent of the sludge samples analyzed by the CLP laboratory. These compounds had
mean concentrations greater than 1,000 ug/kg. Several other PAHs were detected in sludge at
concentrations greater than 1,000 ug/kg. In soils, the mean PAH concentrations for individual

compounds were less than 230 ug/kg.

4.3.3.3 Polvchiorinated Biphenvls - The distribution of total PCBs in sludge and soils is shown on Figure

4-19. The figure includes both CLP and field laboratory results. Table 4-17 summarizes the individual
compounds and their concentration. The table also provides a comparison to maximum background soils

concentrations.

PCBs were consistently detected near the Lagoon Entrance, illustrated by the shading on Figure 4-19..

In other areas of the lagoons, the detection of PCBs was sporadic.
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TABLE 4-17

SUMMARY OF DETECTED PCBs IN LAGOON SLUDGE AND SOILS

(CLP Results in ug/Kg)

CONTINENTAL STEEL RI
Kokomo, Indiana
FREQUENCY MINIMUM MAXIMUM ARITHMETIC
OF DETECTED DETECTED MEAN! OF
_____ __AREFA/MEDIA DETECTION | CONCENTRATION | CONCENTRATION | DETECTS
LAGOON ENTRANCE
|
SLUDGE; Aroclor—1232 112 6,000 6,000 16,000
| Arocior—-1242 312 240 2.100 1,100
' Aroclor-1248 312 81 52,000 . '17,000
 Aroclor—1254 2/12 110 130 120
SOIL Aroclor—1242 20 1,200 1,200 1,200
, Aroclor—1248 5P 240 16,000 4,500
i Aroclor—1254 18 260 260 - 260
Aroclor—1260 19 140 140 140
"GTIER SLUDGE”
| Aroclor—1248 2/60 74 8,000 - 4,037
"OTHER SOILS
Aroclor—1242 1187 220 220 220
Arocior—1248 8/87 37 3.800 880
Aroclor—1254 2787 69 110 - 90
Aroclor—1260 1387 45 45 45

! In calculating the mean, duplicate values were averaged and then the average was used in the calculation. Non—detects were not
used in the calculation except when averaging duplicate resuits where one of the two samples is non—~detect. In this case, haif the

undecteded value was used.

? In soil borings 03. 05, 06, 18, 22, 45; where there were alternating layers of fill and sludge. the fill was included with the sludge

ca culation.

3«

Soil boring 46 was nuisidentified as a soll, it is a sludge.

* ‘Where sludge and soil are mixed in a sample, the sample is calculated as a sludge.
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Figure 4-20 is a cross-section through the Lagoon Entrance. The figure illustrates that the PCB
concentrations were primarily encountered in the upper 6 to 10 feet of the sludge/fill. In the sludge,
Aroclor-1242 and Aroclor-1248 were detected in 25 percent of the CLP sludge samples. The mean
concentrations of these aroclors in siudge were 1,100 ug/kg and 17,000 ug/kg, respectively. Aroclor-

1248 was also detected in 5 of 9 CLP samples collected from the underlying soiis.

4.3.3.4 Other Semi-Volatile Organics - Other semi-volatile compounds were sporadically detected in the

Lagoon Area sludges and soils. Table 4-18 provide a summary of these compounds. Detected

compounds included pesticides, phenol, and phthalates.

4.3.3.5 Inorganics - Table 4-19 provides a summary of the metals detected in the lagoon sludge and soil.

The distribution of the metals concentration is described below.

The vertical distribution of the metals in the sludge drying bed area is shown on Figure 4-21. Chromium,

copper, nickel, lead and zinc were consistently detected at concentrations three time above the UTL.

Figure 4-22 is a geologic cross-section through the acid lagoons. Chromium, copper, nickel, lead, and

zinc were consistently detected at concentrations three or more time above the UTL.

Figure 4-23 is a geologic cross-section through Polishing Lagoons 3 and 6. Chromium, copper, nickel,

lead, and zinc were consistently detected at concentrations three or more time above the UTL.

Figure 4-24 is a geologic cross-section through Polishing Lagoons 4 and 7. Chromium and zinc were

consistently detected at concentrations three or more time above the UTL.
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TABLE 4-18
SUMMARY OF OTHER DETECTED ORGANICS IN LAGOON SLUDGE AND SOILS

(CLP Results in ug/Kg)
CONTINENTAL STEEL RI
Kokomo, Indiana
FREQUENCY MINIMUM MAXIMUM ARITHMETIC
OF DETECTED DETECTED MEAN!' OF

— AR EDIA ___| DETECTION | CONCENTRATION | CONCENTRATION | _DETECTS
€=§L—_QDQES"__———_——

Aldrin 171 0.077 0.077 oo

44’'-DDD 211 035 0.41 - 038
{44 =DDT 2m 738 26 T 16.9.
i Dieldrin 4m 0.73 43 25
i Endosulfan I 3m 0.65 2.0 wa L
| Endosulfan Suifate 21 034 045 - 040
| Endrin 277 0.64 0.73 0.69°
" Endrin Ketone 217 1.7 7.0 44

Endrin Aldehyde 37 15 30 12
, Heptachlor m 1.6 _ 1.6 16
. Heptachlor Epoxide 317 0.69 12 092
‘1 Methaxychlor 1777 38 38 38
! SQILS
l Alpha-BHC 1795 Q36 036 036
© Aldrin 3/95 1.0 3.6 2
:4,4-DDD 895 0.25 18 37
. 4,4’'~-DDE 5,5 20 240 o 62
4,4'-DDT 995 021 42 12

Delta—BHC 1/95 19 19 19
| Dieldrin 95 0.25 11 3.0

Endosulfan [ 495 0.064 12 5.2
Endosulfan II 595 023 6.1 35
{ Endosulfan Sulfate 695 0.19 7.6 25

Endrin 985 032 76 15

Endrin Ketone 4095 0.24 . 8.6 28
" Endrin Aldehyde 795 1.7 20 9.7
Gamma—-BHC (Lindane) kA 0.098 0.19 - 0.14
- Gamma-Chlordane 495 0.075 ©o61 1T

Heptachlor 195 42 2! 42
: Heptachlor Epoxide 785 : 0.13 24| 5.4

Methaxychlor 1095 0.13 57 10

! In calculating the mean. duplicate values were averaged and then the average was used in the calculation. Non—detects
were not used in the calculation except when averaging duplicate resuits where one of the two samples is non—detect.
In this case, half the undecteded value was used.

? In soil borings 03,05, 06, 18, 22, 45; where there were altemnating layers of fill and sludge, the fill was included with the
sludge calculation. )

3 Soil boring 46 was misidentified as a soil, it is a sludge.

‘ Where sludge and soil are mixed in a sample, the sample is calculated as a sludge.

9403045.WK1/IN039 . Page 1 0of 2
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TABLE 4-18

SUMMARY OF OTHER DETECTED ORGANICS IN LAGOON SLUDGE AND SOILS

(CLP Results in ug/Kg)

CONTINENTAL STEEL R1
Kokomo, Indiana
FREQUENCY MINIMUM MAXIMUM ARITHMETIC
OF DETECTED DETECTED MEAN! OF
L_____AREA/MEDIA DETECTION | CONCENTRATION | CONCENTRATION | DETECTS
SLUDGES
: Bis(2 ~Ethylhexyl)phthalate 817 49 6,000 2200
Dibenzofuran 3 49 11,000 4,000
‘ Pentachlorophenol 17 2,000 2,000 2,000
; Phenol 1777 150 150 150
ISOILS
Bis(2 —Ethylhexyl)phthalate 1995 23 580 110
Carbazole 195 200 200 200
| Dibenzofuran 3095 22 150 86
' Di—n—butylphthalate m5 52 110 81
Di—n—octylphthalate 295 86 86 86|
2—Methylnaphthalene 6/95 35 1.200 390
Phenol 295 120 150 135

" In calculating the mean, duplicate values were averaged and then the average was used in the calculation.
Non—detects were not used in the calculation except when averaging duplicate resuits where one of the two samples
is non—detect. In this case, half the undecteded value was used.

? In soil borings 03, 05, 06. 18, 22. 45; where there were alternating layers of fill and sludge, the fill was included

with the sludge calculation.
3«

Soil boning 46 was misidentified as a soil, it is a sludge.

* Where sludge and soil are mixed in a sample, the sample is calculated as a sludge.

9403040A. WK1/INO39A
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SUMMARY OF DEIECLLED MELALD IN LAGUUN JLULDUE AND DULLD

(CLP Results in mg/Kg)
CONTINENTAL STEEL RI
Kokomo, [ndiana
; T FREQUERCY MINTMUM MAXIMUM ARTTIINETIC |
' OF DETECTED DETECTED MEAN* OF
| AREA/MEDIA DETECTION CONCENTRATION CONCENTRATION DETECTS
 SLIUDGEZS
Aluminum 6112 275 22.400 2,040
Antimony 512 105 308 20
. Arsenic 30772 120 493 9.28
Barium 48/72 2.50 439 76.7
Beryllium 1572 029 1.6 03a
Cadmium 6/72 0.70 6.6 3.1
Calcium stm 1440 200,000 79.700°
Chromium 68/72 4.40 4210 215
Cobalt 5872 3.50 7.7 114
Copper s1m2 4.70 972 161
Iron 62 942 374,000 105,000
Lead 64/72 14.1 10200 710
Magnesium 627712 204 31200 4,260
Manganese 68772 16.0 33200 1.600
Mercury 1272 0.18 42 -0.78
Nickel 62/72 6.10 458 975
_ Potassium M 453 3.170 1350
Selenium U712 0.76 13 10
: Silver mm 11 31 763
Sodium 15/712 109 868 261
* Thalfium 9m2 053 6.4 30
Vanadium 47712 230 136 171
‘ Zinc 68/72 114 3.4630 1,160
Cyanide s 1.40 187 489
_SOIL BENEATH SLUDGE
Aluminum 33/47 160 13,400 3,70
Antimony 1/47 5.10 5.10 5.10
) 33/47 0.64 101 114
Banum 33/47 6.5 362 832
Beryllium 12/47 0.075 0.74 038
Cadmium 14/47 1.1 22 6.4
Calkcium 33/47 1,130 162.000 31300
Chromium 33/47 220 3580 281
Cobait 10/47 0310 193 453
I Copper 26/47 3.50 410 65.6
! fron 33/47 485 230,000 43,300
| Lead 33/47 4.70 857 124
Magnesium 3147 512 37,000 ‘3810
. Mangaoese 29/47 103 45300 2,770
. Mercury 18/47 0.070 32 - Q8L
Nickel 24/47 0.72 146 264
Potassium 3247 98.5 1750 - 619
" Selenium 12/47 0.12 1.7 040
Silver 7/47 048 24 13
Sodium 27/47 49.1 2330 490
. Thallium 5/47 021 036 ‘028
Vanadium 33/47 12 351 334
Zine 25/47 6.18 4,590 419
Cyanide 10/47 0.710 n2 136
_SOIL OUTSIDE OF LAGOON AREAS
~ Alumipum 43/48 813 24300 8,590
Antimony 1548 620 470 60.0
¢ Arsenic 43/48 120 193 ‘183
Barium 43/48 193 720 - 142
. Beryilium 28/48 027 15 0563
Cadmium 29/48 050 470 260
: Cakium 43/48 891 223,000 59.400.
| Chromuum 43/48 460 5510 625
! Cobalt 36/43 130 624 79280:
Copper 43/48 6.90 4,680 352
i Iron 42/47 4750 613,000 79,600
. Lead 43/48 4 19,300 829
! M gesium 43/48 290 41300 10,800
Mauoganese 42/47 175 39,800 6,040
t Mercury 10/48 0.065 1.3 0.40
- Nickel 37/48 78 861 104
i Potassium 38/48 129 2,960 ‘936
! Selenium 10/48 051 13 0.79
Silver 14/48 052 67 33
Sedium 28/48 124 1,120 399
Thallium 4/48 0.79 0.90 085
Vanadium 43/48 5.70 381 590
Zinc 43148 102 249,000 8,440
! Cvanide 448 067 1.40 0.983

! [n cakulating the mean. duplicate values were averaged and then the average was used in the cakulation. Non~detects were not used in the cakulation
except when averaging 2 duplicate resuits where one of the two samples was non—detect. In this case, half the undetected value was used for the non~detect

2 Where there were alteruating layers of fill and sludge. the fill was included with the sludge calculation.
3 Where sludge and soil are mixed in a sample, the sample was cakeulated a3 a sludge.
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TABLE 4-18

SUMMARY OF OTHER DETECTED ORGANICS IN LAGOON SLUDGE AND SOILS

(CLP Results in ug/Kg)
CONTINENTAL STEEL RI
Kokomo, Indiana
FREQUENCY MINIMUM MAXIMUM ARITHMETIC
OF DETECTED DETECTED MEAN! OF
AR DIA | DETECTION [ CONCENTRATION | CONCENTRATION | _DETECTS
L SLUDGES
Aldrin ) 0.077 0.077 0.077
4,4'-DDD 2 035 041 038
4,4'--DDT 2m 78 26 169
Dieldrin 4m 0.73 4.3 25
Endosulfan [T yn 0.65 29 11
Endosulfan Sulfate m 0.34 0.45 0.40
Endrin 2am 0.64 0.73 0.69
Endrin Ketone 217 1.7 7.0 4.4
Endrin Aldehyde 3 1.5 30 12
Heptachlor 17 1.6 1.6 1.6
Heptachlor Epoxide m 0.69 1.2 0.92
| Methaxychlor 17 i8 38 3.8
1
.SOILS
’ Alpha-BHC 185 036 0.36 036
Aldrin M5 1.0 3.6 2
4,4'-DDD 8095 0.25 18 3.7
44'-DDE 5/5 20 240 62
4,4'-DDT 995 0.21 42 12
Delta-BHC 195 19 19 19
Dieldrin 985 0.25 11 3.0
Endosulfan [ 4/95 0.064 12 5.2
Endosulfan II 5P5 0.23 6.1 3.5
Endosulfan Sulfate 695 0.19 76 25
Endrin 995 0.32 76 15
Endnn Ketone 495 0.24 8.6 2.8
i Endrin Aldehyde 85 1.7 20 9.7
| Gamma—-BHC (Lindane) ans 0.098 0.19 0.14
' Gamma-Chlordane 495 0.075 61 17.
Heptachlor - 195 42 42 42
Heptachlor Epoxide 785 0.13 24 54
Methaxychlor 10/95 -0.13 57 10

" In calculating the mean. duplicate values were averaged and then the average was used in the calculation. Non—detects
were not used in the calculation except when averaging duplicate results where one of the two samples is non—detect.
In this case, half the undecteded value was used.

“ In soil borings 03, 05, 06, 18, 22, 45; where there were alternating layers of fill and sludge, the fill was included with the

sludge calculation.

* Soil boring 46 was misidentified as a soil, it is a sludge.

' Where sludge and soil are mixed in a sample, the sample is calculated as a sludge.

9405045.WK1/IN039
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TABLE 4-—18

SUMMARY OF OTHER DETECTED ORGANICS IN LAGOON SLUDGE AND SOILS

(CLP Results in ug/Kg)

CONTINENTAL STEEL RI
Kokomo, Indiana
FREQUENCY MINIMUM MAXIMUM ARITHMETIC
‘ OF DETECTED DETECTED MEAN'! OF
——AREA/MEDIA DETECTION | CONCENTRATION | CONCENTRATION | _DETECTS |
SLUDGES
J Bis(2— Ethylhexyl)phthalate 8/17 49 6.000 2200
! Dibenzofuran 377 49 11,000 4.000
+ Pentachlorophenol 1m 2,000 2,000 2,000
Phenol 1777 150 150 150
SOILS
. Bis(2—Ethylhexyi)phthalate 1995 23 580 110
l Carbazole . 195 200 200 200
Dibenzofuran 395 22 150 86
Di—~n—butylphthalate KIth] 52 110 81
Di—n—octylphthalate 205 86 86 86
2-Methylnaphthalene 6/95 35 200 390
Phenol 295 120 150 135

' In calculating the mean, duplicate values were averaged and then the average was used in the calculation.
Non—detects were not used in the calculation except when averaging duplicate results where one of the two samples
is non—detect. In this case, half the undecteded value was used.

! In soil borings 03, 05, 06, 18, 22, 45; where there were alternating layers of fill and sludge, the fill was included

with the sludge calculation.

* Soil boring 46 was misidentified as a soil. it is a sludge.

‘ Where sludge and soil are mixed in a sample, the sample is calculated as a sludge.

9403040A.WK1/INO39A
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TABLE 4-19
SUMMARY OF DETECTED METALS IN LAGOON SLUDGE AND SOLLS
(CLP Resuits in mg/Kg)

CONTINENTAL STEEL R{
Kokomo, Indiana
PREQUERCY |  MINIMUM MAXIMUM ARITIINETIC
OF } DETECTED DETECTED MEAN! OF
L AREA/MEDIA DETECTION CONCENTRATION CONCENTRATION __| DETECTS
, SLUDGEZS
Aluminum s1m T 215 22,400 2,040
Antimony 5m 105 3048 20
Arnsenic 30/72 120 493 9.28
Barium : 4872 250 439 76.7
Beryllium 1572 0.29 1.6 080
Cadmium 612 0.70 6.6 31
Cakium 61/71 1440 200,000 79,700
! Chromium 68/72 4.40 4210 215
Cotalt 5872 350 417 114
Copper 5112 4.70 972 161
i Tron 6112 942 374,000 105,000
| Lead 64/T2 14.1 10,200 710
‘ Magnesium 62772 . 204 31,200 4260
| Maoganese 68172 16.0 33.200 1,600
! Mercury 12mM2 0.18 42 0.78.
" Nickel 6UT2 6.10 458 975
Potassium sm 453 3.170 1350
Seleaium bIgp] 0.76 13 1.0
Silver 2 11 31 63
Sodium 1512 109 868 261
Thallivm 912 033 6.4 30
Vanadium 4112 2.80 136 17.1
Zine 68/72 114 3,630 1,160
Cyanide 52 1.40 187 489
_SOIL BENEATH SLUDGE
Aluminum 33/47 160 13,400 3,770
Antimony 147 5.10 5.10 5.10
Anenic 3347 0.64 101 114
Barium 33/47 65 362 832
Bervilium 1247 0.075 0.74 c3s
Cadmium 14/47 1.1 22 6.4
Cakium 3347 1.130 162.000 31300
Chromium 33/47 220 3580 281
Cobalt 10/47 0310 . 193 453
Copper 26/47 350 410 656
- Iron 33/47 486 230.000 43300
Lead 3347 4.70 857 124
Magaesium 3147 512 37.000 3810
" Manganese 29/47 103 45300 2,770
Ay " Mercury 1847 0.070 32 L7378
Nickel 2447 0.72 146 264
: Potassium 3247 98.5 1750 619
Selenium 12747 0.12 1.7 060
 Silver 147 048 24 13
' Sodium 27/47 49.1 2330 490
Thallium 5147 021 936 028
Vanadium 33/47 1.2 351 33.4
Zinc 25/47 6.18 4,590 419
Cyanide 10/47 - 0.710 712 136
_SCIL. OUTSIDE OF LAGOON AREAS
| Aluminum 43/48 813 24300 8.690
. Apotimony 15/48 6.20 470 600
| Arsenic 43/48 120 193 183
Banum 43/48 193 720 142
Beryllium 28148 027 15 . 063
| Cadmium 29/48 050 470 26.0
! Calcium 43/48 891 223,000 59,400
| Chromium 43/48 4.60 £510 625
' Cobalt 36/48 130 624 " 930
Copper 43/48 6.90 4,680 352
Iron 4247 4750 613.000 79,600
Lead 43/48 4 19300 829
M guesium 43/48 290 47300 10800
Maaganese 42/47 175 39,800 6.040
- Mercury 10/48 0.065 18 0.40
Nickel 37/48 78 861 104
. Potassium ) 38148 129 2960 936
| Selenium 10/48 0.51 13 0.79
Silver 14/48 052 67 83
Sodium 28/48 124 5120 399
Thallium 4/48. 0.79 0.90 088
! Vanadium 43/48 5.70 381 59.0
! Zinc 43/48 102 249,000 8,440
Bam'de 4/48 0.67 1.40 0983

' In calculating the mean. duplicate values were averaged and then the average was used in the calculation. Non—detects were not used in the cakulation
axept when averaging a duplicate results where ooe of the two pies was non—detect. [n this case, half the undetected value was used (or the non~—detect

. 1 Where there were alternating layers of fill and sludge, the fill was included with the sludge cakulation.

3 Where siudge and soil are mixed in a sample, the sample was calculated as 2 sludge.

9403056. WK1/INDI9A 03/18/94
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An estimate 1,350 buried drums were removed from the southwest side of the Lagoon Area (see Figure
4-7). The drums contained TCE, oil, grease, slag, scale, dirt and garbage. It is interpreted that the
drums, along with slag fill, were pushed over the high bank created by the Wildcat Creek floodplain.

The processes resulted in the filling of this low lying area.
Results of the laboratory analyses of sludge and soils are described below by chemical group.

4.3.3.1_Volatile Organic Compounds - The distribution of total VOCs in sludge and soils is shown on
Figure 4-11. The figure includes both CLP and field laboratory results. Table 4-15 summarizes the
individual compounds and their concentration. The table also provides a comparison to maximum

background soils concentrations.

VOCs were detected above the maximum background levels across the entire Lagoon Area. Total VOCs
exceeded 500 ug/kg in three main areas. These areas, illustrated by the shading on Figure 4-11, are: (1)

the Lagoon Entrance, (2) the Drum Area, and (3) the east-central portion of the lagoons.

Figure 4-12 is a cross-section through the Lagoon Entrance. The figure indicates that total VOCs
exceeded 500 ug/kg from just below the ground surface to the top of bedrock. Methylene chloride was
detected in two of four CLP sludge samples from this area with a mean concentration of 3,000 ug/kg (see
Table 4-15). In the soils below the siudge, acetone, 2-butanone, 1,1-DCE, 1,2-DCE, PCE, and TCE
were detected in more than 25 percent of the CLP samples. PCE and TCE had mean concentrations near

or greater than 1,000 ug/kg (see Table 4-15).

Figure 4-13 is a cross-section through the Drum Aréa. VOCs were detected above 500 ug/kg from just
below the ground surface to the top of a silty clay (encountered at a depth of approximately 14 feet).
Acetone, 2-butanone, 1,2-DCE, toluene, and TCE were detected in more than 25 percent of the CLP soil

samples. PCE and TCE had concentrations greater than 1,000 ug/kg (see Table 4-15).

9309029. WP/INDISA/6MD-13, .26, -4 DRAFT
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4.3.4 WASTE PILES

As shown on Figure 2-8, waste piles are present throughout the Lagoon Area. The waste piles were
inventoried and eight different waste pile types were noted. Table 4-20 provides a summary of the waste

pile types and the total estimated volume for each type. The total estimated volume is 349 cubic yards.

A samples was collected from one of each of the waste pile types. Detected constituents are shown on
Table 4-21. Constituents detected above the maximum background are indicated with an asterisk.
Detected organic compound were below the maximum background in all samples. Chromium, copper,

lead, nickel and zinc were detected above the maximum background in four or more of the waste piles.

4.3.5 Treatment Building/Clarifier Tanks

As shown on Figure 2-7, samples of mixing tanks sludge, basement water and clarifier tank sludge were

collected from the Treatment Building. The results of these analyses are discussed in this section.

4.3.5.1 Mixing Tank Sludge Samples - Two mixing tanks are located in the Treatment Building. The
tanks have diameters of 15 foot 10 inches and heights of 20 feet 3 inches. Each tank is coated with a
hardened siudge. The sludge thickness is variable'up to 1.5 feet. Organics and inorganics detected
during field screening of the mixing tank sludge are shown on Table 4-22. The sludge appears to consist

primarily of calcium, iron, and magnesium.

4.3.5.2 Basement Water Samples - Table 4-22 provides a summary of the analytical results for the field

screening of water samples collected from the Treatment Building basement. Methylene chloride and 1,1-

DCA were detected at low concentrations along with several metals.

9309029, WP/IN-0I9A/6802- 13, -26, 94 DRAFT



TABLE 4-20
LAGOON AREA WASTE PILE DESCRIPTIONS AND VOLUMES
CONTINENTAL STEEL RI/FS
Kokomo, Indiana

ESTIMATED'
L_WASTE PILE ID DESCRIPTION VOLUME (cyd)
02WP01 White, brittle, powdery, blocky ‘ 110
02WP02 Orange, powdery, loose 9
02WP03 Light grey, powdery, loose (with nails throughout) 12
02WP04 ‘ Grey, fine—grained, white mottling 58
02WP05 Black, metallic, fine~ grained, powdery 21
02WP06 ' Orange, soft, fine sludge 2
02WP07 Black, hard, fine —grained, consolidated 100
02WP08 Black, fine - grained, semi—consolidated 6
N1 Two additional piles near the Treatment Building were a mixture of WP—02 and WP-07. 31
TOTAL ESTIMATED VOLUME 349

cyd = cubic yards

9402041 WK1/INDOA/6802 - 26 - 18=Nov—-54
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(CLP RESULTS)

CONTINENTAL STELL R}

Kokomo, Iadiasa

- M - N
Pl ~froded A
DHETRCTI ORGANICS AND INORGANICS IN WAS'IT1! PILES

AT

. . mAxXsee . _ . o
BKG 8CH:
SAMPLE LOCATION: CRQL | . MANATL- wWP-01} we-02 _ wWP-03 | WP-04 | _WP-05 WPp-06 WEP-07 WP-08 |
(ORGANICS (e | | L e I I 1 1 1 ]
[Acaone 1 T § R = - - - 2 -
Aptbracene 20 <33 R - -/ - 3) - - - R
bis (2 ~ Bt bylbexyl)pbthalate 20 <33 R - -/~ R - 31 - R
Chrysene 20 k)] R - -1- R - - 2] R
Pyrene 20 33 R - - - 1] - - 2) R
Toluene 2.5 52 - - -1 - - 051 - - -
Total Xylenes 2.5 4 - 0513 -/- - - - - -
-l 28] wvoyt 101l ueissey 120 1 130 3 130 J 560 1 T4l
| | I I [ [ | | | 1 ]
Alumipum 80 33300 - 5500 1 | +490 574700 J9 1420 § - 3290 J 1790 § -
Avtimony 20 14 - - -- - - - - 848 °
Arsenic 10 282 - 18 )| 453/113) 28 iy e 271 U6 17
Barium 80 270 - 146 2157226 16 571 464 ) 186 ] 121 ]
Beryfium 10 IS 064 J 1.6 123/~ 141 - 096 J - -
Cadmium 10 13 - - 461/931)° - - - - -
Calcium 80 188000 275000 J] 213000 }°} 173000 J/ 12208 211000 J* 1500 J 167000 ) 5780 1 1530 J
Chromium 10 36.4 - 18.2 546/5371° 103 437 340 © 3760 * 165
Cabak 20 253 - - 1041/1161 - 358 ¢ 13.71 132° 16.7 1
Copper 40 329 36 174 J 194 /228 538 ° 1110 J°| 120 * 377 ¢ 1080 *
Iron 20 37900 287 20400 | 60000/ 63300* 35400 363000 134000 * 324000 * 154000 *
Lead 50 429 - - 803 /1140° 216 1 - 340 171 * 2000 ©
Magnesium 20 46700 1400 8920 21300/ 18800 96200 * 407 12500 2490 319
Manganese 10 3050 12 142 7530 /8450 1240 1840 2600 1910 1350
Mercury 03 <0.12 R R| R/073 I R R R R R
Nickel 20 48.9 - - 115371301)° 404 J 564 J° 118 J° 7490 )°! 309 )9
Thallium 100 <0.70 4 )7 - -/- - - - - -
Vanadium 20 59.2 3711 91| 321/324 347 831 30.1 1545 891
Zinc 10 260 15.9 306 _J*f 132003/ 25700 352 * 1790 * 3290 ¢ 7850 ¢ 120
NOTES: _
P —
B = Compound was {ound in associated blank mg/Kg = milligrams per kilogam s m )
CLP - Contract Laboratory Program R = Rejected * — " = Not detected

] = Concentration is estimated
MAX = Maximum

MO0 WK I - WP

TICs = Tentatively Identified Compounds
ug/Kg = Micrograms per kilogram

® = Exceeds maximum or UTL

17-Fad - ™
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TABLE 4-22
DETECTED ORGANICS AND INORGANICS IN TREATMENT BUILDING SAMPLES
(Ficld Analytical Results)
CONTINENTAL STEEL RI
Kokomo, Indiana

[[BACKGROUND)

COMPOUNDS

CRQL

| MAX/SOIL

MIXING TANK SLUDGE SAMPLES i

SL-61

SL-62

I

SL-63

ORGANICS Cuplky
'
11-=-12-Dichioroethene - NA 47 B e
' Pyrene 0.45 036 J - -0271
Benzo(a)Anthracene 045 - 0.141J -/-
{ T
Aluminum - 240 1,800 330/260
Barium - 49 15 6.8/5.6
Calcium - 140,000 J 170,000 J 160,000 3/160,000 J
Chromium - 14 28 13/11
Copper - - 22. —/251 -
Iron - 20,000 35,000 19,000/23.000
Magnesium - 1,300 9,500 1,100/1,100
Manganese - 160 250 160/190
Nickel l - 18 31 21725
Potassium - ! 180 2,900 210173501
'| Sodium - 930 3,000 1.900/1,800
; Zinc - 450 440 300320
BACKGROUND) BASEMENT WATER SAMPLES
MAX/GROUND7; WW
COMPOUND I CRQL WATER 0—1 ft
FORGANICS {ugl
Methylene Chloride 50 - 035 0331/~ 0343
1,1-Dichloroethane 50 18 JF 6.1 0.32J0.491] -

INOROANICS (5
Calcium 05 560 380 370/430 i
Chromium 0.02 - 0.05 0.05/0.06
| Magnesium 05 83 42 35136
[‘ Potassium 0.5 89 28 27129
! Sodium 1.0 100 29 29729
NOTES:

NA - Not analysed. Sample was sent to field lab for volatiles analyses but the ficld lab did not analyze the sample.

MAX - Maximum

mg/Kg — Micrograms per killograms
mg/L. — Micrograms per liter

ug/Kg — Millograms per killograms
ug/LL - Millograms per liter

UTL —~ Upper tolerance limit

9402042 WK 1/INQ39A 021174
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TABLE 4-23
DETECTED INORGANICS IN CLARIFIER TANK SLUDGE SAMPLIS
(CLP Recsults in mg/Kg)
CONTINENTAL STEEL RI
Kokomo, Indiana

o ___|'sackGrounD F SL—64 SL-64 SL-65 SL-65 SL-66 SL.—66

[ COUMPOUND CRQL MAX SOIL (2-311)  |[_(3-411) _q1-2m) [ (2-3f) | (1-211) 1 @-3my
Aluminum 80 33,300 1,650 1 846 1 1,220 372,560 ) 1,230 J 3.130) 998 J
Barium 80 270 201 ) 15 13.3)/47.8] 133 ) 188 ] 15.1 )
Beryllium 10 1.5 072 1 0.61 ] -f= - 046 J -
Calcium 80 188,000 65,300 J 74,200 1 45,500 1/85.900 J 46,200 J 101,000 J 55,500 J
Chromium 10 364 91.7 107 * 136 J/73.91 . 139 * 483 153 *
Cobalt 20 25.3 88 J 123 ) 13.1J77.41 14.3 1 3617 131
Copper 40 329 948 -° 832 146 J/1131 . 1471 ° 55817 97913
Iron 20 37.900 109,000 J ° 123,000 7 * | 166.000)/100,000) * 168,000 * 56,900 ° 175,000 °
Lead S0 429 1w 145 26311281 . 259 ¢ 3581 173
Magnesium 80 46,700 7.300 6.160 5.4801/12,800 J 5.580 9.850 6.920
Manganese | 10 3,050 : 800 J 1,060 J 1,4903/7263 1510 587 1,640
Nickel 20 48.9 742 ) 8581 ° 131 J/46.1J * 136 ° 29.9 129 *
Sodium 80 <122 640 ¢ 465 == - . - -
Vanadium 20 59.2 128 ) 124 ) 17.81/18.51 176 ] 6.7} 154 )
Zinc 10 260 2,080 1 ° 2860 ° 5,950 1/1,6303 * 6,090 J ° 1,230 ] * 5040 ) °
NOTES:

CLP — Contract laboratory program MAX - Maximum

CRQL -~ Contract required quantitation limits mg/Kg — Millograms per kilograms

ft - Feel "*® —~ Exceeds maximum or UTL

9402040 WK1/INO3I9A 18- Nov-94
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4.3.5.3 Clarifier Tank Sludge Samples - Two clarifier tanks are located at the Treatment Building. One

tank is located on the north end of the building. This tank is empty. The other tank is located on the

south end of the building. This tank contained a 4- to 6-foot thick layer of sludge.

Sludge samples were collected at three locations in the souther clarifier tank. At each location, samples
were collected near the middle and bottom of the tank. (see Figure 2-7). Constituents detected within

the sludge are summarized on Table 4-23.

4.4 OU3 - Kokomo and Wildcat Creeks

The nature and extent of contamination in creek sediments and surface water are discussed in this section.

4.4.1 Sediments

Creek sediment samples were collected in three rounds of sampling for field analyses and one round of
sampling for CLP analyses. Field analytical data from the first two rounds of sampling were used to
idenuify these areas of possible contamination and evaluate the extent of contamination. Samples were
then collected from potentially contaminated areas, uncontaminated areas, and background locations for

LP analyses. The CLP data provided an identification and quantification of the compounds within these

areas. The results of these analyses are discussed by chemical group in this section.

For each chemical group, analytical results are compared to béckground sediment quality. Sediment
samples SD-01, SD-41, SD45, SD46, SD-103, and SD-104 were selected as background sediment
sampling locations (see Figure 2-9). Analytical results indicated that background sediment quality in each
creek was similar; therefore, the data from each creek were combined into one data set. The background
samples consisted of one silty clay, one silt, three well-graded sands, and one well-graded sand and
gravel. These sediment types were considered representative of the range in grain sizes observed in the

creeks.

9309029, WP/IN-DI9A/6802-13, 26, -94 DRAFT
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Figure 3-4 illustrates outfalls identified during the field work. These include outfalls at the Continental
Steel plant, the two Haynes facilities, the Martin Marietta Quarry, and the City of Kokomo Wastewater
Treamment Plant. These outfalls are discussed in the following paragraphs. The discussions are based

Jpon a review of each facilities’ NPDES permit.

Wastewater from Continental Steet was discharged through five outfalls, designated CS-01 through CS-05
(ISPCB, 1985). Qutfall CS-01, which has not been located, was previously the main processing outfall
befoce the installation of the Filter Plant. Upon installation of the plant, this outfall was eliminated. The
locations of outfalls CS-02 through CS-05 are shown on Figure 34. Discharge at outfall CS-02 included
non-contact cooling water from annealing, galvanizing, and wire tinning; some process water from

galvanizing; stormwater; and cooling tower water from the Melt Shop. In 1984, a lift station was

L 9309020, WPAN-DISANSOL-13, -6, 94 DRAFT
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apparently installed which pumped the wastewater from this line to the Filter Plant. Outfall CS-02 then
discharged to Kokomo Creek only during times when excessive quantities of stormwater caused an
overflow. Outfall CS-03 was an emergency overflow for untreated wastewater. Outfall CS-04 discharged
wastewater from the Lagoon Area. Acid-pickling wastewater was transferred to the Lagoon Area where
these wastewaters were neutralized, run through clarifiers and polishing lagoons, and then discharged.
Structure CS-05 served as both an outfall and a water intake. As an outfall, it was the discharge point
for filtered, non-contact cooling waters and process waters from rolling, drawing, and annealing

operations. As an intake, water was withdrawn daily from Wildcat Creek.

Wastewater from the Haynes facilities are discharged through six outfalls (IDEM, 1990). Stormwater
that does not contact plant processes is discharged through four outfalls. Stormwater and non-contact
cooling water is discharged through outfall HF-01 (shown on Figure 3-4). Outfall HF-02 is the discharge
point for the facilities’ landfill stormwater retentiorr pond which discharges 0.4 milion gallons per day

once or twice per year.

Martin Marietta Quarry has three outfalls for the discharge of water generated during pit dewatering
(Stanifer, M.W., 1985). Discharge occurs irregularly at quantities as high as much as 5 million gallons
per day. The water is not treated before discharge. One of these outfalls was identified during the field

work and is shown on Figure 3-4 as KQ-01.

Treated domestic and industrial wastewater from the City of Kokomo’s 30 millon-gallon-per-day
wastewater treatment plant is discharged to Wildcat Creek through a single outfall. The outfall is
designated CK-04 and its location is shown on Figure 34 (IDEM, 1988). Various combined sewer
overflow, bypass, and storm-water discharge points constructed by the city are located along much of the

study area.

309029, WPAIN-0I9A/6802-13, 26, 94 DRAFT
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June 8, 1994

Mr. Art Garceau

IDEM-OER, Superfund Section
100 N. Senate Avenue

P.O. Box 6015

Indianapolis, IN 46206-6015

Subject: OU1/Task 3M, Aquifer Testing

Dear Mr. Garceau:

Enclosed are memoranda on the in-situ hydraulic conductivity (slug) testing and the steppgddischa.rgc
and constant-discharge aquifer pumping tests conducted as part of OU1/Task 3M, Aquifer Testing.
These memoranda have been revised to reflect the agency comments provided in the May 4, 1994
letter from Indiana Department of Environmental Management. As you may recal,
ABB Environmental Services, Inc. received a letter from you dated May 20, 1994 requesting that
these documents be resubmitted.

Please call Don Walsh at (317) 871-8074 if you have any questions as you review the memoranda.

Respectfully,
ABB ENVIRONMENTAL SERVICES, INC.

Busda ¢ Hrenweni

Brenda K. Lonowski
Project Assistant

enclosures

cc: Don Walsh, ABB-ES Site Manager
Kim Kesler-Amold, ABB-ES Program Manager

ABB Environmental Services, Inc.

8401 Normwest Boulevara Tetephone (317" 871-8074
inchanapons. IN 46278 Fax (317 871-8004
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MLMS Zones
The zones tested are as follows:
MONITORING MONITORING ZONE

MLMS. ZONE DEPTH ELEVATION
NO. (feet) (feet Mean Sea Level)
LA-02 45 - 57 743 - 755
LA-02 60 -72 728 - 740
LA-02 112 -132 668 - 688
LA-03 27 -39 752 - 764
LA-03 42 -54 737 - 7493
LA-03 107 - 130 661 - 684
LA-05 110 - 131 662 - 683

Conductivity testing in the MIMS zones was performed using Westbay equipment. Prior to
conducting the test, a pressure profile was obtained from the zone to be tested. This involved
installing the pressure probe to the desired depth, and obtaining pressure readings inside and outside
the casing to determine the head differential. A head differential of 3 feet or greater was considered
adequate for testing. The pressure probe was then removed from the MLMS and the open/close tool
installed to the desired pumping port depth. The pressure probe was then reinstalled above the
tested port. The pumping port was then opened using the open/close tool and the water level was
continuously recorded using a field computer in communication with the pressure probe. The
opening of the pumping port acted as a "slug”, with the pressure equilibrating between the inside and
the outside of the casing according to the initial head differential. In all but two of the tests, the
pressure was greater inside the casing than outside, resulting in a falling-head test. At LA-02 (60 to
72 feet) and LA-05 (110 to 131 feet), rising-head tests were performed since the pressure was lower
inside the casing than outside. The water level data were recorded until pressure equilibration.

ANALYSIS

Existing and Shallow Monitoring Wells

The resulting time-recovery data were analyzed using conventional variable-head (e.g., slug) test
methods based upon Hvorslev's methodology and described in Cedergren, 1977. These methods of
analysis account for differences in well-construction features, aquifer characteristics (i.e., unconfined
versus confined), and assume that the aquifer near the screen is homogeneous and isotropic. The
influence of the filter pack zone on the cross-sectional area was considered in the equations when
the well screen straddled the water table.

Test results were plotted on a semi-logarithmic graph (with drawdown on the log scale) and a "best
fit" straight line was generated by computer through the data points (see Attachment A). Two points
were chosen from the straight line, and the values of time and drawdown at these points were entered
into the appropriate equation. At a number of locations, especially in those wells screened across

9312012, WP/IN039 2
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the water table, a double straight line effect was observed. The later data were used in the equation
when this was observed (Bouwer, 1989). It is believed that the first straight line reflects the influence

of the draining sand pack around the well screen.

Selected test results were also analyzed using Bouwer and Rice, 1976, for comparative purposes. This
method can be used for completely or partially penetrating wells in unconfined or confined aquifers.
‘The solution is based on the assumption that the aquifer is homogeneous and isotropic. The
influence of the filter pack zone on the cross-sectional area was considered in the equations when
the well screen straddled the water table.

The Bouwer and Rice method was applied through the computer code AQTESOLV™. Test results
for UA-05, UA-16, and UA-18 were plotted on a semi-logarithmic graph (with drawdown on the log
scale) and a "best fit" straight line was generated by computer through the data points (see
Attachment B). The "best fit" line was adjusted as necessary for a better fit and a hydraulic
conductivity value was obtained. The later data were used in the equation when the double straight
line effect was observed.

MIMS Zones

All of the MIMS hydraulic conductivity tests were analyzed using the method presented by Cooper
et al,, 1967. Cooper et al. assumes that the well is fully penetrating and that the aquifer is confined.
The data for the shallow bedrock zones was also analyzed according to Bouwer and Rice for
comparative purposes. Both methods were applied through the computer code AQTESOLV™,

For the Cooper analysis, the time-recovery data were plotted on a semi-logarithmic graph (with time
on the logarithmic scale) and a type curve was generated by computer through the data points (see
Attachment C). The type curve was adjusted as necessary for a better fit, and a transmissivity value
obtained from the type curve match. The Bouwer and Rice analysis was performed as described
above.

TEST RESULTS

The results of the in-situ hydraulic conductivity tests performed are intended to represent the bulk
hydraulic conductivity of the bedrock. The hydraulic conductivity, and the resulting groundwater flow
velocity, of an individual fracture may be significantly higher than the value obtained for the overall
section of rock tested.

Existing and Shallow Monitoring Wells

The hydraulic conductivity values obtained from the time-recovery analyses are listed on Table 1.
The calculated hydraulic conductivity values varied greatly within the upper bedrock aquifer across
the site. Values ranged from 1.7X102 cm/sec at UA-16 to 2.0X105 at UA-18. The results between
multiple tests at UA-5 and UA-14 were consistent, indicating that the testing procedure did not
significantly affect the test results. Asshown in Table 1, the monitoring well screens straddle soil and
bedrock units with varying permeabilities. Therefore, the permeability results may represent a
combination of these hydraulic conductivities or may almost totally represent the bydraulic
conductivity of the more permeable unit depending on their relative values. The data obtained during
these tests are thought to represent the general variability of hydraulic conductivity across the site.

9312012 WP/IN039 3
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TABLE 1

HYDRAULIC CONDUCTIVITY RESULTS

1 ==—_————-—————-——7————————
LOCATION | ZONE/SCREEN | ZONE/SSCREEN | FORMATION HYDRAULIC ANALYTICAL
DEPTH ELEVATION TESTED CONDUCTIVITY METHOD
(ft) (ft MSL) (ft/day) (cm/sec) .
| EW-03 16 - 26 777 - 761 KL 18 6.4X104 | HVORSLEV
EW-10 18-20 772 - 774 KL 37 1.3X1073 HVORSLEV
UA-25 419 782 - 797 F/KL 2.8 1.0x103 HVORSLEV
3.1 1.1x1073 HVORSLEVY
34 1.2X103 HVORSLEV
26 9.3X10* BOUWER/RICE
| uA-07 6-16 783 - 793 F/KL 7.1X10? | 25X10% | HVORSLEV
( UA-12 34 - 44 748 - 758 GT/KL/LCUA | 5.7 2.0X103 HVORSLEV
l“ UA-14 31 - 41 757 - 767 KL 12 42X10* | HVORSLEV
) 93x10l | 33X10* HVORSLEV
' 1.0 3.6X10* HVORSLEV
L/
' UA-16 22 -32 763 - 773 MA/KL 48 17x102 | HVORSLEV
42 1.5X102 BOUWER/RICE
UA-18 34 - 54 738 - 758 KL 5.9X102 | 2.1X10° HVORSLEV
5.7X102% | 2.0X10°% BOUWER/RICE
LA-02 45-57 743 - 755 KL/LCUA 1.6 5.5X10* COOPER ET AL
23 8.0x10* BOUWER/RICE
'c LA-02 60-72 728 - 740 LCUA 1.2xX107 | 4.4x10° COOPER ET AL
LA-02 112 - 132 668 - 688 LCUBMF 1.5 5.2X10* COOPER ET AL
LA.03 27 -39 752 - 764 KL/LCUA 59 2.1X1073 COOPER ET AL
8.2 29X103 | BOUWER/RICE
LA-03 | 42- 54 737 - 749 LCUA 32 1.1X103 | COOPER ET AL
4.0 1.4X103 BOUWER/RICE
MNotes:

!Approximated from soil boring record

il [

i = Feet
{t/day := Feet per day
rm/sec = Centimeters per second
= = Fill
5T = Glacial Till
9312012 WP/IN039

KL

= Kokomo Limestone

LCUA = Liston Creek Unit A
LCUB = Liston Creek Unit B

MA
MSL
MF

4

= Martinsville Alluvium
= Mean sea level
= Mississinewa Formation
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ATTACHMENT A
EXISTING AND SHALLOW MONITORING WELLS
HVORSLEV RESULTS
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TIME Ho ht DRAWDOWN LOG drawdown
(seconds) (feet)
0 76.2 62.0 1.64 0.21449415
8 76.2 64.0 1.41 .0.14856564 .
16 76.2 64.6 1.34 0.12666380
24 76.2 65.0 1.29 0.11142383
48 76.2 66.0 1.18 0.070805398
70 76.2 66.7 1.10 0.03992941
- - 100 76.2 67.6 0.99 —0.00329574
210 76.2 70.8 0.€2 —0.20540043
330 76.2 72.8 0.39 —0.40631527
450 76.2 74.8 0.16 —0.79166616
COORDINATES OF BEST FIT LINE (Y=A+BX)
Regression Output: X COOQRD 'YCQOQRD
“onstant 0.157459554 o] 0.15745985
wystd Err of Y Est 0.005836927 8 0.14378%09
R Squared 0.999221860 16 0.13011863
No. of Observations 8 24 0.11644816
Degrees of Freedom 6 48 0.07543677
: 70 0.03784300
X Coefficient(s) -0.001708 100 —-0.01342124
Std =rr of Coef. 0.0000194 210 -0.20139012
330 —0.40644707
450 —0.61150403
SCHEEN LENGTH (L) = 120.00 INCHES .
CASING RADIUS (r) = 2.00 INCH
BOREHOLE RAD. (R) = 2.50 INCHES
H1 = 1.19 FEET R
T1 = 48.00 SECONDS
H2 = 1.09 FEET
T2 = 70.00 SECONDS
(rA)*In(LUR)In(H1/H2)*2.54 .
HYDRAULIC CONDUCTVITY = =  ~— e e e = —— [CEDERGREN, 19877]
2L(T2-T1)
HYDRAULIC CONDUCTIVITY = 6.4E—04 CM/SEC

WELL NO:
. TEST NO:

cW-03
1

TEST DATE: 6-30-93

JOB NO: 6802—02
JOB NAME:  CONTINENTAL STEEL
DATE: 1-18-94

RESULTS OF IN-SITU HYDRAUUC CONDUCTIVITY TEST

COMMENTS:BAIL TEST
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WELL NO:  Ew-10 JOB NO: 6802—02

. TESTNO: 1 JOB NAME:  CONTINENTAL STEEL
TEST DATE: 6-30-93 DATE: 1-18-94

RESULTS OF IN—SITU HYDRAULIC CONDUCTIVITY TEST

COMMENTS:BAIL TEST

TIME Ho ht DRAWDOWN LOG drawdown
(seconds) (feet) :

o 75.1 66.0 1.05 0.02124720

6 75.1 68.0 0.82 —0.08653584

12 75.1 68.3 0.78 —0.10528528

18 75.1 68.5 0.76 —0.11825026

30 75.1 68.8 0.73 —0.13845364

63 75.1 69.4 0.66 -0.18191934

93 75.1 70.0 0.59 —0.23022402

183 75.1 70.8 0.50 —0.30432574

213 75.1 71.8 0.42 —0.38149169

291 75.1 72.1 0.35 —-0.46067294

COORDINATES OF BEST FIT LINE (Y=A+BX)

Regression Output: X COORD Y COORD
“oanstant ~0.09524173 0 ~0.09524174
Wy -d Err of Y Est 0.005151616 6 -0.10341965"
k Squared 0.997926367 12 ~0.11159757
MNo. cf Cbservations ' 7 18 ~0.11977548
Cegrees of Freedom 5 30 ~0.13613131
63 ~-0.18110985
X Coefficient(s) —0.001362 83 —0.22199943
Std Err of Coef. 0.0000277 183 ~0.30377858
213 —~0.38555774
291 —0.49187064
SCREEN LENGTH (L) = 24.00 INCHES
CASING RADIUS (1) = 2.00 INCH
EOREHOLE RAD. (R) = 3.50 INCHES
H1 = 0.73 FEET
T1 = 30.00 SECONDS
H2 = 0.66 FEET
T2= 63.00 SECONDS
(r)*In(L/R)In(H1/H2)*2.54
HYDRAULIC CONDUCTIVITY =2 =  —c e - ~[CEDERGREN, 1977]
2L(T2-T1)

HYDRAULIC CONDUCTMITY = 1.3E-03 CM/SEC
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WELL. NO:
- TESTNO: 1

UA--05

~=ST DATE: 6-29-93

JOB NO:
JOB NAME:
DATE:

6802-02

CONTINENTAL STEEL

1-18-94

RESULTS OF IN-SITU HYDRAULIC CONDUCTIVITY TEST

COMMENTS:BAIL TEST

TIME Ho ht DRAWDOWN LOG drawdown
(seconds) (feet)

0 71.1 45.5 2.85 0.47044577

6 71.1 50.9 2.33 . 0.36755718

12 711 54.3 1.94 0.28751509

18 71.1 §7.2 1.60 0.20522061

24 71.1 58.0 1.40 0.14499118

36 71.1 60.8 1.19 0.07504303

48 71.1 62.0 - 1.05 0.02124720

60 714 63.2 0.91 —0.04016710

84 71.1 65.0 0.70 —0.15246436

102 711 66.0 0.59 —0.23022402

COORDINATES OF BEST FIT LINE (Y=A+BX)

Y COORD
0.25166012
0.222393004
0.19431996
0.16564988
0.13697380
0.07963%64
0.02229847

—0.03504069
—0.14872101
—0.23573126

Regression Output: X COORD
" “'ons’tant 0.251660122 o
Wtd rr of Y Est 0.006135022 6
R Squared 0.998486474 12
No. of Observations 6 18
Degrees of Freedom 4 24
36
K Caefficient(s) —0.004778 48
5td Err of Coef. 0.0000930 60
84
102
SCREEN LENGTH (L) = 99.24 INCHES
CASING RADIUS (1) = 1.38 INCH
BOREHOLE RAD. (R) = 2.00 INCHES
H1 = 1.37 FEET
TY = 24.00 SECONDS
H2 = 1.20 FEET
T2 = 36.00 SECONDS
(r3)*In(L/R)In(H1/H2)*2.54
HYDRAULIC CONDUCTIVITY = = e = ~[{CEDERGREN, 1977]
2L(T2-T1)
HYDRAUUC CONDUCTVITY = 1.0E-03 CM/SEC
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WELL NO:

UA-05

- TESTNC: 2

TIME Ho ht DRAWDOWN LOG drawdown
(seconds) (feet)
0 711 45.4 2.97 0.47213893
6 71.1 51.0 2.32 -0.36540187
12 71.1 55.0 1.86 0.26903168
18 71.1 57.6 1.56 0.19253958
24 71.1 59.2 1.37 0.13775277
36 71.1 61.0 1.17 0.06652718
48 71.1 --62.4 1.00 0.00172506
60 71.1 63.6 0.87 —0.06273293
72 71.1 64.5 0.76 —0.11825026
81 71.1 65.1 0.69 —0.15964294
COORDINATES OF BEST FIT LINE (Y=A+BX)
Regression Output X COORD Y COORD
onstant 0.256127675 0] 0.25612768 .
“.td Err of Y Est 0.006036340 6 0.22488679
F Squared 0.997715115 12 0.19364591
MNo. of Cbservations 6 18 0.16240503
Degreses of Freedom 4 24 0.13116415
36 0.06868239
X Cosfficient(s) -0.005206 48 0.00620062
Sitd Err of Coef. 0.0001245 60 -0.05628114
72 —0.11876290
81 —-0.16562423
SCREEN LENGTH (L) = 89.24 INCHES
CASING RADIUS (r) = 1.38 INCH
BOREHOLE RAD. (R) = 2.00 INCHES
Hl = 1.35 FEET
T1= 24.00 SECONDS
ﬂ2== 1.17 FEET
2= 36.00 SECONDS
(r3)*In(L/R)In(H1/H2)*2.54
HYDRAULICCONDUCTIVITY =2 —cccmccmmc e e e ——— {CEDERGREN, 1977]
2L(T2-T1)
-YDRAUUIC CONDUCTIVITY =

TEEST DATE: 6~29-93

JOB NO:
JOB NAME:
DATE:

6802—-02

CONTINENTAL STEEL

1-18-94

RESULTS OF IN-SITU HYDRAUUC CONDUCTIVITY TEST

COMMENTS:BAIL TEST

1.1E~-03 CM/SEC
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WELLNO: UA-05 JOB NO:
. TESTNO: 3 JOB NAME:
TEST DATE: 6-29-93 DATE:

§
|

HYDRAUUC CONDUCTMITY =

6802-02
CONTINENTAL STEEL
1-19-94

RESULTS OF IN-SITU HYDRAUUIC CONDUCTIMTY TEST

COMMENTS:BAIL TEST

TIME Ho ht DRAWDOWN LOG drawdown
(seconds) (feet)

0 71.1 45.6 2.94 0.46874599

6 71.1 50.7 2.35 -0.37183588

12 711 55.3 1.82 0.26086290

18 711 58.2 1.49 0.17279552

24 71.1 59.8 1.30 0.11528425

36 711 61.6 1.10 0.03992941 .

48 711 62.9 0.95 ~0.02398034

60" 71.1 63.9 0.83 —~0.08046169

72 71.1 65.0 0.70 —0.15246436

78 711 65.2 0.€8 - —0.16694218

COORDINATES OF BEST FIT LINE (Y=A+BX)

Regression Output: X COORD
“onstant 0.23440322 0
w,..td Err of Y Est 0.008021860 6
R Squared 0.995781803 12
No. of Observations 6 18
Degrees of Freedom 4 24
36
X Coefficient(s) -0.005267 48
Std Err of Coef. 0.0001714 60 .
72
78
SCREEN LENGTH (L) = 99.24 INCHES
CASING RADIUS (1) = 1.38 INCH
BOREHOLE RAD. (R) = 2.00 INCHES
H1 = 1.28 FEET
T = 24.00 SECONDS
H2 == 1.11 FEET
T2 = . 36.00 SECONDS
(r3)*In(UR)In(H1/H2)*2.54
HYDRAULIC CONDUCTVITY = = ——cmmem e e —
2L(T2-T1)
1.2E~-03 CM/SEC

Y COORD

0.23440322
0.20279842
0.17119363
0.13958883
0.10798403
0.04477444

—~0.01843515
-0.08164475
~0.14485434
—0.17645914

[CEDERGREN, 1877]
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~ WELLNO: UA-7 JOB NO: 6802~02
TEST NO: 1 JOB NAME: CONTINENTAL STEEL
“=ST DATE: 6~29-93 DATE: 1-18-94
RESULTS OF IN-SITU HYDRAUULIC CONDUCTIMTY TEST
COMMENTS:BAIL TEST

TIME Ho ht DRAWDOWN LOG drawdown

(seconds) : (feet)
o] 53.2 29.0 2.79 0.44602117
4 53.2 43.1 1.17 ' 0.06652718
8 53.2 44.3 - 1.03 0.01158582
24 53.2 45.1 0.93 -0.02930917
63 53.2 45.7 0.87 —-0.06273293
153 53.2 45.9 0.84 ~0.07447133
495 53.2 46.5 0.77 ~-0.11171939
915 53.2 47.0 0.72 ~0.14540250
1215 53.2 47.4 0.67 ~0.17436620
1815 53.2 47.9 0.61 ~0.21351832

COORDINATES OF BEST FIT UNE (Y=A+BX)

Regression Output: X COORD Y COORD
- L:on:stant -0.06324838 0 —0.06324839-
M5td Err of Y Est 0.006366573 4 —0.06359437
R Squared 0.990531031 8 —0.06394035
No. of Observations 6 24 —0.06532427
Degrees of Freedom 4 63 —0.06869757
: 153 —0.07648211
X Coefficient(s) —0.000086 485 —0.10606337
5td Err of Coef. 0.0000042 915 —0.14239124
1215 —0.168333971
1815 —0.22023666
SCREEN LENGTH (L) = 48.12 INCHES
CASING RADIUS (r) = 1.17 INCH
BOREHOLE RAD. (R) = 1.50 INCHES
HY = 0.85 FEET
T1 == 63.00 SECONDS
H2 = 0.84 FEET
T2 == 153.00 SECONDS
r3)*In In(H1/H2)*2.54 .
HYDRAULIC CONDUCTIVITY = (—-z-—iu—n-z -(--—-) --------- [CEDERGREN, 1877)
2L(T2-T1)

HYDRAULIC CONDUCTIVITY = ~ 2.5E-05 CM/SEC
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WELL NO: UA-12 JOB NO: 6802~C2

TEST NQ: 1 ' JOB NAME: CONTINENTAL STEEL
" TEEST DATE: 6-25-9¢3 DATE: {1~18-94
N RESULTS OF IN-SITU HYDRAULIC CONDUCTIMTY TEST

COMMENTS:BAILTEST

TIME Ho ht DRAWDOWN LOG drawdown -
(seconds) (feet)
0 74.0 53.5 2.37 0.37395967
3 74.0 61.8 1.41 0.14856564
6 74.0 ] 65.7 0.86 -0.01871610
9 74.0 67.9 0.70 —0.15246436
12 74.0 69.2 0.55 —0.25655295
15 74.0 70.2 0.44 —0.35801059
18 74.0 71.0 0.35 —0.46067294
24 74.0 718 0.25 —0.59537151
30 74.0 72.4 0.18 —0.73367421
36 74.0 72.7 0.15 —0.82385084

COORDINATES OF BEST FIT LINE (Y=A+BX)

Regression Output X COORD "'YCOORD
Constant . —0.14643386 0 —0.14643386
_ td Err of Y Est 0.019647384 3 -0.20353370
;i Squared 0.9854263 6 —0.26067353
No. of Observations 3 9 —0.31779336
Degrees of Freedom 1 12 —-0.37491319
158 —0.43203303
»*Cc efﬂcient(s) —-0.019039 18 —0.48915286
Std Err of Coef. 0.0023154 24 —0.603398252
30 -0.71763219
36 —-0.83187185%
SCREEN LENGTH (L) = 120.00 INCHES
CASING RADIUS (r) = 1.00 INCH
BOFEHOLE RAD. (R) = 1.50 INCHES
HY == 0.42 FEET
Tt = 12.00 SECONDS
~2 = 0.37 FEET
T2 = 15.00 SECONDS
(rA)*In(L/R)In(H1/H2)*2.54
HYDRAULICCONDUCTMITY = e~ {CEDERGREN, 1877]
2L(T2-T1)

A\

HYDRAUUC CONDUCTMTY = 2.0E-03 CM/SEC
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WELL NO: UA-14 JOB NO: 6802-02

. TESTNO: 1 JOB NAME: CONTINENTAL STEEL
T=ST DATE: 6-29-83 DATE: 1—-18-94

RESULTS OF IN=-SITU HYDRAULIC CONDUCTMTY TEST
COMMENTS:BAILTEST

TIME Ho ht DRAWDOWN LOG drawdown

(seconds) (feet)

0 74.5 46.1 3.28 0.51552415

4 74.5 61.5 1.50 . 0.17614916

8 74.5 63.7 1.25 0.09562956
12 74.5 65.0 1.10 0.03992941
16 74.5 66.0 0.98 -0.00837527
28 74.5 67.4 0.82 ~0.08653584
40 74.5 68.3 0.72 ~0.14540250
52 . 74.5 68.9 0.68 ~0.18960616
64 74.5 69.5 0.58 ~0.23882419

76 74.5 69.9 0.83 -0.27503636

COORDINATES OF BEST FIT LINE (Y=A+BX)

Regression Output: . X COORD Y COORD
Jonstant 0.054240596 0 0.05424060
W, otd Err of Y Est 0.012086746 4 0.03544166
3 Squared 0.986407873 8 0.01664272
No. of Observations 5 12 ~0.00215622
Degrees of Freedom 3 16 ~0.02095516
28 ~0.07735198
X Coefficient(s) —0.004699 40 ~0.13374879
Std Err of Coef. 0.0003185 52 ~0.19014561
64 ~0.24654243
76 —0.30293924
SCREEN LENGTH (L) = 120.00 INCHES
CASING RADIUS (r) = 1.00 INCH
BOREHOLE RAD. (R) = 3.00 INCHES
H1 = 0.95 FEET
T1 = 16.00 SECONDS
H2 = 0.84 FEET
T2:= 28.00 SECONDS
(rA)*In(LWUR)In(H1/H2)*2.54
HYDRAULIC CONDUCTVITY = =  ~———em—mmme e e m e {CEDERGREN, 1877]
2L(T2-T1)

HYDRAULIC CONDUCTIVITY = 4 2E-04 CM/SEC
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WIELL NO:  UA-~14
. TEST NGO 2

TEST OATE: 6-25~53

JOB NO:
JOB NAME:
DATE:

6802-02
CONTINENTAL STEEL
1-13—-94

RESULTS OF IN—SITU HYDRAULIC CONDUCTIMITY TEST

COMMENTS:BAILTEST

TIME Ho ht DRAWDOWN LOG drawdown
(seconds) (feet)
0 74.5 46.0 3.29 0.51705067
6 74.5 62.7 1.36 10.13408782
12 74.5 64.9 1.11 0.04447704
18 74.5 66.1 0.97 -0.01351491
24 74.5 67.0 0.87 —~0.06273293
30 74.5 67.5 0.81 -0.09269615
36 74.5 67.9 Q.76 —-0.11825026
48 74.5 68.7 Q.67 —-0.17436620
60 74.5 639.1 0.62 ~0.20540043
72 74.5 69.6 0.57 ~0.24759811
84 74.5 70.0 0.52 —0.28458168

0

6
12
18
24
30
36

60
72
84

Regression Output: X COORD

w,,onstant 0.015381215

Sitd Err of Y Est 0.008433642

Fl Squared 0.991236303

Mo. of Observations 7

Degrees of Freedom S

% Coefficient(s) -0.003653

Std Exrr of Coef. 0.0001536

SCREEN LENGTH (L) = 120.00 INCHES

CASING RADIUS (r) = 1.00 INCH

BOREHOLE RAD. (R) = 3.00 INCHES

H1 = 0.85 FEET

M= 24.00 SECONDS

H2 == 0.80 FEET

72 = 30.00 SECONDS

(r3)*In(UR)In(H1/H2)*2.54

HYDRAULIC CONDUCTIVITY = = e e -
i 2L(T2-T1)

HYDRAULIC CONDUCTIVITY = 3.3E-04 CM/SEC

COORDINATES OF BEST FIT LINE (Y=A+BX)
Y COORD

0.01538122
—0.00653903
—0.02845927
—Q.05037951
-0.07229975
—0.09421899
—0.11614023
-0.15988072
—0.20382120
—0.24766168
-0.29150217

[CEDERGREN, 1977)
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WELLNO:  UA-14 JOB NO: 6802-02
- TESTNO: 3 JOB NAME: CONTINENTAL STEEL
TEST DATE: 6—-29-93 DATE: 1-19-54
RESULTS OF IN-SITU HYDRAULIC CONDUCTIMTY TEST

COMMENTS:BAILTEST

TIME Ho ht DRAWDOWN LOG drawdown
(seconds) (feet)

0 74.5 46.1 3.28 10.51552415

6 74.5 62.9 1.34 -0.12666380

12 74.5 65.0 1.10 0.03992341

18 74.5 66.2 0.96 ~0.01871610

24 74.5 67.1 0.85 ~0.06856247

30 74.5 67.6 0.80 ~0.09884510

36 74.5 68.0 0.75 ~0.12488083

48 74.5 68.7 0.67 ~0.17436620

60 74.5 69.2 0.61 ~0.21351832

72 74.5 69.6 0.57 —0.24759811

COORDINATES OF BEST FIT LINE (Y=A+BX)

Regression Output X COORD Y COORD
anstant 0.022849485 0 0.02284948 .
“-¢htd Err of Y Est 0.005072027 6 —0.00122689
F Squared 0.994294035 12 —0.02530326
Mo. of Observations 5 18 —0.04937964
Degrees of Freedom 3 24 —0.07345601
30 —0.09753239
X Coefficient(s) —0.004012 36 —-0.12160876
Sitd Exrr of Coaef. 0.0001755 48 —0.16976151
: 60 —0.21781426
72 —0.26606701
SCREEN LENGTH (L) = 120.00 INCHES
CASING RADIUS (r) = 1.00 INCH
BOREHOLE RAD. (R) = 3.00 INCHES
H1 == 0.84 FEET
M= 24.00 SECONDS
H2 == 0.80 FEET
2= 30.00 SECONDS
(rA*In(L/R)In(H1/H2)*2.54
HYDRAUUIC CONDUCTIVITY =2 —memmcccmmmm e — e = {CEDERGREN, 1977]
2L(T2-T1)

HYDRAULIC CONDUCTMITY = 3.6E-04 CM/SEC
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WELLNO:  UA-18 JOB NO: 6802-02
T TESTNO: JOB NAME: CONTINENTAL STEEL
T=ST DATE: 6-29-93 DATE: 1-18-94

RESULTS OF IN-SITU HYDRAUUC CONDUCTMITY TEST
COMMENTS:BAILTEST

TIME Ho : ht DRAWDOWN LOG drawdown
(seconds) (feet)

0 75.1 57.8 2.00 0.30025191

1.5 75.1 63.5 1.34 -0.12666380

2.25 75.1 65.7 1.08 0.03533366

3 75.1 67.6 0.87 ~0.06273293

3.75 75.1 68.7 0.74 -0.13161422

4.5 75.1 70.1 0.58 —0.23882419

5.25 75.1 71.0 0.47 —(0.32501033

6 75.1 71.6 0.40 —-0.39372615

6.75 75.1 72.1 0.35 —0.46067294

7.5 75.1 72.6 0.29 —0.53985418

9 75.1 73.6 0.17 —0.76170293

10.5 75.1 74.1 0.12 —0.93779419

COORDINATES OF BEST FIT UNE (Y=A+BX)
.Q\qul‘

Regression Qutput: X COORD Y COORD
Constant 0.304696729 0 0.30469673
Std Err of Y Est 0.022788604 1.5 0.12922818
F. Squared 0.992979649 2.25 0.04149391
Mo. of Observations 7 3 —0.04624036
Degrees of Freedom 5 3.75 —0.13397464
4.5 -0.22170891 -
X Coefficient(s) -0.116979 5.25 —0.30944318
Sitd Err of Coef. 0.0043987 6 —0.39717745
6.75 —0.48491173
7.5 -0.57264600
9 —0.74811455
SCREEN LENGTH (L) = 120.00 INCHES 10.5 —-0.92358309
CASING RADIUS (r) = 1.17 INCH
BOREHOLE RAD. (R) = 1.50 INCHES
H1 == 0.49 FEET
T1 = 5.25 SECONDS
"2 == 0.40 FEET
T2 == 6.00 SECONDS
- (r)*In(LR)In(H1/H2)*2.54
SJAYDRAUULUC CONDUCTIMITY =2 mmmmmrrmmrmee e [CEDERGREN, 1877]
2L(T2-T1)
HYDRAULIC CONDUCTIVITY = 1.7E-02 CM/SEC
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WELL NO:
TZST NO:

UA-18
1

. 'T=ZST DATE: 6-29-93

'y

JOB NO: 6802-02
JOB NAME: CONTINENTAL STEEL
DATE: 1-31-94

RESULTS OF IN=SITU HYDRAULIC CONDUCTIMTY TEST

"¢ OMMENTS:BAIL TEST

TIME Ho ht DRAWDOWN LOG drawdown
(seconds) (feet)

0 72.2 48.0 2.79 0.44602117

120 72.2 58.8 1.55 0.18931061

240 72.2 60.4 1.36 0.13408782

360 72.2 61.3 1.26 - 0.08963231

480 72.2 62.0 1.18 0.070805398

720 72.2 62.9 1.07 0.03068876

840 72.2 63.2 1.04 0.01644832

960 72.2 63.6 0.89 —0.00329574

1260 7.2 63.9 0.96 —-0.01871610

1440 72.2 64.0 0.95 —0.02398034

1740 72.2 64.0 0.85 —0.02398034

2040 72.2 64.1 0.93 -0.02930917

2640 72.2 64.2 0.92 —0.03470420

4440 72.2 64.5 0.88 —0.05130347

Regression Output: X COORD Y COORD _
“wasonstant 0.155162034 o) 0.15516208
Std Err of Y Est 0.004563690 120 0.13510737
R Squared 0.991048630 240 0.11505271
No. of Observations 5 360 0.09499805
Degrees of Freedom 3 480 0.07494338
720 0.03483406
X Coefficient(s) —0.000167 840 0.01477840
Std = of Coet. 0.0000091 960 —0.00527527
1260 —~0.05541192
1440 —0.08548391
1740 . —0.13563057
SCEREEN LENGTH (L) = 202.80 INCHES 2040 —0.18576723
CASING RADIUS (r) = 1.38 INCH 2640 —0.28604054
BOREHOLE RAD. (R) = 2.00 INCHES 4440 —0.58686048
H1 = 1.24 FEET
T1 == 360.00 SECONDS
H2 = 0.88 FEET
T2 == 1260.00 SECONDS
(r3)*In{L/R)In(H1/H2)*2.54
HYDRAUUC CONDUCTIVITY = ————cmmmmmmeee e = = [CEDERGREN, 1877]
2L(T2-T1)
HYDRAULIC CONDUCTIVITY = 2.1E-05 CM/SEC

COORDINATES OF BEST FIT LINE (Y=A+BX)



ATTACHMENT B
EXISTING AND SHALLOW MONITORING WELLS
BOUWER AND RICE RESULTS
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ATTACHMENT C
MLMS ZONES

COOPER RESULTS



CALCULATION OF HYDRAULIC CONDUCTIVITY

FOR MLMS ZONES
LOCATION ZONE DEPTH | TRANSMISSIVITY! | SATURATED | HYDRAULIC
THICKNESS CONDUCTIVITY
(FEET) (FEET%SECOND) | (FEET) (CENTIMETERS/
SECOND)

LA-02 45-57 2.1X103° S==m 116 5.5X10*
LA-02 60-72 17X10* Te=o | 116 4.4X10°
LA-0z, 112-132 1.8X10° <game 109 52X10™
LA-0: 27-39 6.8X10° 99 2.1X10°3
' LA-O 42-54 3.6X10°3 98 1.1X103

W“' WY

~

! Results obtained by Cooper et al. method applied through the computer code AQTESOLV™.
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MEMORANDUM
TO: Art Garceau and Bill Davis, IDEM
FROM: Donald A. Walsh, ABB-ESQA‘>

DATE: June 8, 1994

SUBJECT:  Stepped-Discharge Aquifer Pumping Test Resuilts
Continental Steel, Kokomo, Indiana
(Revised Memorandum)

On September 21, 1993, a stepped-discharge aquifer pumping test was conducted at PW-01. A
condensed summary of the findings and recommendations is provided below.

TEST OBJECTIVES

A stepped-discharge aquifer pumping test was conducted at PW-01 to estimate the optimal'pumping
rate for the constant-discharge test and to provide data to assist in the selection of observations wells
for the constant-discharge test.

METHODOLOGY

The stepped-discharge test was conducted following the procedures outlined in Attachment A-15 _of
the Sampling and Analysis Plan. The test involved measuring the water level in well PW-01.while
incrementally increasing (stepping) the discharge rate from 0.56, to 0.74, to 1.26 gallons per minute
(gpm). The discharge rate was measured volumetrically using a container of known volume and_a
stop watch. The duration of each step was 120 minutes. Field personnel were fairly successful in
maintaining a constant discharge rate throughout each test. Extracted groundwater and
decontamination fluids were contained in steel drums for disposal at a later time.

ANALYSIS

Time-drawdown data from each step was plotted on a semi-logarithmic graph and a best-fit line was
drawn through each set of data. This graph is provided as Figure 1. Each line was extended to
estimate drawdown in the well after three days of pumping. By evaluating the cstimfatcd dra“_/down,
a discharge rate of 1 gpm was selected for the constant-rate test. At a rate of 1 gpm, it was estimated
that drawdown in the pumping well would be 4 feet.

To estimate aquifer transmissivity, the data were analyzed using the Cooper-Jacob strafght'ﬁnc
method (Cooper and Jacob, 1946) and the Birsoy and Summers (1980) method. The equations and
assumptions of these methods are provided in Attachment A.

9310008.WP/IN039 "1 - 6/08/94
ABB Environmental Services, Inc.

8401 Nortmvest Boulevarg Teleohone 1317 871-8074
............ IN ARDT7Q Fayw (117 R71.8MN4
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Both of these analyses assume that the aquifer is confined. The conditions in the area of the
pumping well are believed to be unconfined; however, confined aquifer models can be used reliably
as long as the drawdown is small compared to the saturated thickness of the aquifer. If the saturated
thickness decreases by more than 20 percent, then a correction factor should be applied. Since the
saturated thickness decreased by more than 20 percent, drawdown data was corrected using the
procedure presented in Appendix 9.C of F.G. Driscoll’s Groundwater and Wells, Johnson Division,
1986 prior to use in the Cooper-Jacob straight-line and the Birsoy and Summers methods.

TEST RESULTS

The transmissivity values obtained from the time-drawdown analyses are listed below.

METHOD TRANSMISSIVITY HYDRAULIC CONDUCTIVITY
(ft3/day) (ft/day) - (cmisec)
Cooper-Jacob 139 11 4x103

Birsoy-Summers (step 1) 141 11 4x10°
Birsoy-Summers (step 2) 176 14 5x103
Birsoy-Summers (steps 1&2) 95 7. 2x103

Average 138 11 4x103

The Cooper-Jacob straight-line method is based on the assumption that the pumping rate is constant;
therefore, this method could only be applied to the data obtained during the first step. A
transmissivity of 139 feet squared per day (ft?/day) was calculated from the straight line portion of
the first step (see Figure 2) using the Cooper-Jacob straight-line method. The influence from casing
storage effects on the data was limited to the first 30 minutes of the first step. After 30 minutes, the
ratio of the casing volume to the total volume of water removed was small (0.15); therefore, the data
after 30 minutes was used in the Cooper-Jacob’s calculation.

Figure 3 is a Birsoy and Summers semi-logarithmic plot of specific drawdown versus adjusted time
for the three steps at PW-01. "Adjusted time" is the term given to the product of an equation used
to adjust time for all steps after the first step to account for the drawdown in the previous step (see
Attachment A). The data for the first two steps plot as almost parallel lines instead of falling on one
ideally straight line (as is theorized in the equation). This indicates that well efficiency decreases with
each increase in the pumping rate. The data for the third step plot along a line with a significantly
greater slope than the first two steps, and there is also a change in slope at approximately 130
minutes. This could indicate that boundary conditions exist within hydraulic reach of the third step.

A transmissivity of 141 ft?/day was calculated using the straight line (latter) portion of the first step.
Using the straight line (latter) portion of the second step, a similar value of transmissivity, 176 ft¥/day,
was calculated. A line fitted to the latter parts of the first and second steps yields a transmissivity
value of 95 ftzlday. The third step was not selected for analysis due to possible boundary conditions.
These results were similar to the transmissivity calculated using the Cooper-Jacobs’ method.

9310008.WP/IN039 3 6/08/54
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A hydraulic conductivity of 11 feet per day (ft/day) or 4 x 10 3 centimeters per second (cm/sec) was
calculated from an average transmissivity value of 138 ft?/day and using an aquifer thickness of 13
feet. This is consistent with hydraulic conductivity values obtained from slug tests performed on
surrounding wells.

PROJECTIONS FOR MULTI-DAY CONSTANT RATE TEST

Aquifer parameters were input into the Theis equation using the PT1 program, a pumping test design
model from William C. Walton’s Ground Water Pumping Tests-Design and Analysis, Lewis
Publishers, 1987. The model was used to provide a preliminary estimate of the area of influence
obtained by pumping well PW-01 at a constant rate of 1 gpm for three days, using the average
hydraulic conductivity (11 ft/day). For unsteady-state conditions, the area of influence from pumping
is significantly affected by the storage parameter. Because the specific yield, S, cannot be reliably
calculated from a stepped-discharge test, S, values ranging from 0.1 to 1 x 10 "were used to assess
the area of influence. A typical value for the storage parameter in moderately fractured bedrock is
1x 102, A summary of the simulation results is provided below.

S, DRAWDOWN (feet)

r = 0.29 r=173 r =183 r = 460 r = 1,155
1x 101 1.26 0.04 0.00 0.00 0.00
1x 102 1.54 0.24 0.07 0.00 0.00
1x103 1.83 0.49 029 0.11 0.01
1x10% 213 0.76 0.55 034 0.15

r = radial distance from pumping well
The radius of influence, as defined by 0.1 feet of drawdown, ranged between 46 and 1,155 feet.
CONCLUSIONS AND RECOMMENDATIONS

The transmissivities estimated from slug test results and the stepped-discharge test represent the
aquifer transmissivities for localized areas around the tested wells. A primary purpose of the
constant-discharge pumping test at PW-01 will be to provide a more reliable estimate of the
transmissivity over a large area of the aquifer. Also, the constant-discharge test will be used to
determine the specific yield of the aquifer.

A pumping rate of 1.0 gpm is recommended for the three-day constant-rate test. A higher pumping
rate may result in excessive drawdown at the pumping well, precluding a three-day test duration.

Computer simulations indicate that 0.1 feet of drawdown should be measurable at apprOximately 500
feet from PW-01 during the constant-rate test (assuming a 1.0 gpm pumping rate). It is difficult to
accurately predict the radius of influence because the predicted drawdown dcpends significantly on
the value of specific yield used in the simulation. At this time, the specific yield is unknown.

9310008.WP/IN039 6 _ 6msp4



iA I dd
ARIPED

The prediction of long-term drawdown in a fractured bedrock well, based on a six-hour stepped-
discharge test, inherently has some uncertainty; however, given the available information, wells OW-

01, UA-05, UA-06, UA-07, UA-28, and UA-29 were selected for observation during the constant-
discharge test.

Well UA-01 is selected for monitoring background water levels. This well is beyond the 500 feet
radius of influence predicted by the computer simulations.

9310008. WP/INO39 7 . 6/08/94
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UNSTEADY FLOW TO A WELL
IN A CONFINED AQUIFER
MODIFIED METHOD

REFERENCE: Cooper, H. H. and C. E. Jacob, 1946. A generalized graphical method
for evaluating formaton-constants and summarizing well fieid-
history, Am. Geophys. Union Trans., vol. 27, pp. 526-534.

ASSUMPTIONS:  aquifer bas infinite areal extent
aquifer is homogeneous, isozopic, and of uniform thickness

aquifer potentometric surface is inidally horizontal

pumping rate is constant

pumping well is fully penetrating

flow to pumping well is horizontal

aquifer is confined

flow is unsteady

water is released instantaneously from storage with decline of hydraulic

head
diameter of pumping well is very small so that storage in the well can
be neglected
values of u are small (i.e., r is small and t is large)
SOLUTION:
Thbe Cooper-Jacob method is a modification of the Theis (1935) method for confined
aquifers.
s=Q/ @ =T) w()
where:

u= 'S/ (¢ Ty

The Theis well function, w(u), can be evaluated by the following infinite series:

w(u) = 05772 -lnu + u- 55 + 3

Source: Geraghty & Miller's AQTESOLV™ (Agquifer Test Solver), 1991.
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UNSTEADY FLOW TO A WELL
IN A CONFINED AQUIFER,
MODIFIED METHOD
(continued)

For small values of u (u < 0.01), the tem‘xs-;f this series can be neglected after the
first two terms. Thus, drawdown is approximated by the following linear expression:

s=Q/(42T)[05TR -l

Source: Geraghty & Mille’'s AQTESOLV™ (Aquifer Test Sotver), 1991.



DRAWDOWN RESPONSE IN A CONFINED
AQUIFER PUMPED STEP-WISE OR INTERMITTENTLY

REFERENCE: Birsoy & Summers, 1980, Birsoy, Y.K, and W.K Summers, 1980.
"Determination of Aquifer Parameters from Step Tests and Intermittent Pumping
Data"; Ground Water; Vol. 18, No. 2; pp. 137-145; March-April 1980.

ASSUMPTIONS: 1) The aquifer is confined;
2) The aquifer has a seemingly infinite areal extent;

3) The aquifer is homogeneous, isotropic, and of uniform thickness over the
area influenced by the test;

4)  Prior to pumping, the piezometric surface is horizontal (or nearly so) over
the area that will be influenced by the test;

5) The aquifer is pumped step-wise or intermittently at a variable discharge
rate or is intermittently pumped at a constant discharge rate;

6) The well penetrates the entire thickness of the aquifer and thus receives
water by horizontal flow;

7) The flow to the well is in an unsteady state; and

o) 1

—_—X —— < 001
4KD B‘(.)(l'tn)

8)

SOLUTION: Applying the principle of superposition to Cooper-Jacob’s approximation of
the Theis equation, the following expressions for the drawdown in the aquifer
at time t during the nth pumping period of intermittent pumping is obtained

2 (29 i

where
t-t; = time since the i-th pumping period started
t'; = time at which the i-th pumping period ended
t-t’, = time since the i-th pumping period ended
Q = constant well discharge during the i-th pumping period

For step-wise or uninterrupted pumping, t'Gqy = b, and the "adjusted time’ {B,,(t-t,)} becomes

Buny(t-ty) = ﬁ (t‘ti)m‘n"
or i=l

Bimy(t-t) = (t-t,)m'n" x (t-(7)'m’/Q "X X (t-tn)'m"”0 n

9406015, WP/INO39A/6802-08 ’ ' 06/06/54
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Nevember 3, 1993

Ms. Gabriele Hauer
IDEM-OER, Superfund Section
105 S. Meridian Street

P.O. Box 6015

Indianapolis, IN 46206-6015

Subject: OU1/Task 3C, Fracture Trace Analysis
Continental Steel RI, Kokomo, IN
6802-08-TKK

Dear Ms. Hauer:

Enclosed are two figures. The first figure illustrates interpreted fracture trace lineaments around the
site based upon the fracture trace analysis. The second figure is a rose histogram of fracture
orientaticns measured in outcrops and quarries adjacent to the site. These figures serve as the
deliverable for OU1/Task 3C, Fracture Trace Analysis.

It is ABB-ES’ understanding that IDEM has declined to approve the invoice for this task because
the technical adequacy of the work could not be evaluated based upon the previously submitted

deliverable. As agreed in our October 13 meeting, these figure provide the information needed by
IDEM.

Please call me if you have any questions regarding this matter.

Resgectfully,

AP@ NVIRO NTAL SERVICES, INC.

= ?J
s

Don Walsh
Site Man:ger

enclosure

ce: Kim Kesler-Armold, Program Manager

" ABB Environmental Services, Inc.

8401 Northwest Boulevard Telephone (317) 871-8074
{ndianapotis. IN 46278 Fax (317) 871-8004
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Taken from the Kokomo. Indiana, 7.5 Series U.S.G.S. Tepograpnic Quadrangle Map
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